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Abstract 
The nature and characteristics of how learners learn today are changing.  As 
technology use in learning and teaching continues to grow, its integration to facilitate 
deep learning and critical thinking becomes a primary consideration.  The 
implications for learner use, implementation strategies, design of integration 
frameworks and evaluation of their effectiveness in learning environments cannot be 
overlooked.  This study specifically looked at the impact that technology-enhanced 
learning environments have on different learners’ critical thinking in relation to 
eductive ability, technological self-efficacy, and approaches to learning and 
motivation in collaborative groups.  These were explored within an instructional 
design framework called CoLeCTTE (collaborative learning and critical thinking in 
technology-enhanced environments) which was proposed, revised and used across 
three cases.  The field of investigation was restricted to three key questions:  1) Do 
learner skill bases (learning approach and eductive ability) influence critical thinking 
within the proposed CoLeCTTE framework? If so, how?; 2) Do learning 
technologies influence the facilitation of deep learning and critical thinking within 
the proposed CoLeCTTE framework? If so, how?; and 3) How might learning be 
designed to facilitate the acquisition of deep learning and critical thinking within a 
technology-enabled collaborative environment?  The rationale, assumptions and 
method of research for using a mixed method and naturalistic case study approach 
are discussed; and three cases are explored and analysed.   
The study was conducted at the tertiary level (undergraduate and 
postgraduate) where participants were engaged in critical technical discourse within 
their own disciplines.  Group behaviour was observed and coded, attributes or skill 
bases were measured, and participants interviewed to acquire deeper insights into 
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their experiences.  A progressive case study approach was used, allowing case 
investigation to be implemented in a “ladder-like” manner.  Cases 1 and 2 used the 
proposed CoLeCTTE framework with more in-depth analysis conducted for Case 2 
resulting in a revision of the CoLeCTTE framework.  Case 3 used the revised 
CoLeCTTE framework and in-depth analysis was conducted.  The findings led to the 
final version of the framework.   
In Cases 1, 2 and 3, content analysis of group work was conducted to 
determine critical thinking performance.  Thus, the researcher used three small 
groups where learner skill bases of eductive ability, technological self-efficacy, and 
approaches to learning and motivation were measured.  Cases 2 and 3 participants 
were interviewed and observations provided more in-depth analysis.   
The main outcome of this study is analysis of the nature of critical thinking 
within collaborative groups and technology-enhanced environments positioned in a 
theoretical instructional design framework called CoLeCTTE.  The findings of the 
study revealed the importance of the Achieving Motive dimension of a student’s 
learning approach and how direct intervention and strategies can positively influence 
critical thinking performance.  The findings also identified factors that can adversely 
affect critical thinking performance and include poor learning skills, frustration, 
stress and poor self-confidence, prioritisation of over learning; and inadequate 
appropriation of group role and tasks.  These findings are set out as instructional 
design guidelines for the judicious integration of learning technologies into learning 
and teaching practice for higher education that will support deep learning and critical 
thinking in collaborative groups.  These guidelines are presented in two key areas: 
technology and tools; and activity design, monitoring, control and feedback. 
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CHAPTER 1 Introduction  1 
CHAPTER 1. Introduction 
1.1 Preamble 
The nature of how young learners learn today is changing.  Young learners 
have a reliance on information and communication technologies, like to engage in 
collaborative activities and are fascinated by new technologies (Gee, 2003; Prensky, 
2001; Rheingold, 2002).  These new generations of learners, the Gen Y or Net 
Generation/Millenials and Gen C or Content Creators (Oblinger & Oblinger, 2005; 
Dye, 2007), see technologies not as tools to be learnt but as day-to-day implements 
that are essential performance and activity devices, much in the same way cutlery is 
used for eating implements.  Thus, learners come into our classrooms armed with a 
technological devices for searching information, storing, exchanging and managing 
data, communicating with family, friends and work colleagues, accessing audio and 
video information, and participating in digital and online gaming communities.  
These activities are performed as part of the learner’s normal work, social, study and 
personal routine.  Generally, learners use technology for convenience, connection, 
control and in areas where the affordances of technology can be applied in their 
learning (Kvavik & Caruso, 2005; Oblinger & Oblinger, 2005).  They have been 
characterised as digital natives or smart mobs (Rheingold, 2002).  The nature of 
learners’ technology experiences was further explored and qualified by Kennedy, 
Krause, Judd, Churchward and Gray (2006) through an Australian study of 2,120 
first year university students’ use of recent and emergent technologies (e.g., 
podcasting, social networking software, web conferencing, electronic organisers).  
The study revealed that usage and experience began to vary beyond more entrenched 
technologies (i.e., email, mobile phone and computers) and students favoured the use 
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of a number of technologies for their studies.  More recent research highlighted or 
proposes the need to “clarify the nature of the changes that are taking place and to 
dispel the false dichotomies the Net Generation and digital native arguments have 
led to” (Jones & Czerniewicz, 2010, p. 319). 
Despite the high usage of technology by generational learners, higher 
education institutions lag behind in terms of harnessing the affordances and 
capabilities that these technologies can provide to support active learning such as 
interactive engagement, distributed participation and facilitating higher order 
thinking.  Therefore, this study explored how deep learning and critical thinking 
(CT) behaviour operate within a collaborative and technology-enhanced environment 
and within the structure of an instructional design framework through three case 
studies.  
1.2 Overview of chapter 
This chapter discusses the background and purpose of the study.  First, the 
background to the research problem (Section 1.3) describes the issues and context 
from which the research problem was identified.  Second, a discussion of critical 
thinking in collaborative environments highlights the problem (Section 1.4).  Third, 
the aim and overview of the research are presented (Section 1.5).  The structure of 
the thesis (Section 1.6) outlines and describes the chapters to be discussed.  Since the 
research questions were drawn from the grounded development of a theoretical 
instructional design framework, these are presented in Chapter 2, Section 2.6. 
1.3 Background to the research problem 
The germination of an idea comes from pondering the perceived truth 
surrounding an action as performed by teaching practitioners.  As a professional 
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learning designer, I am exposed to a plethora of learning technologies that claim to 
benefit learning and teaching practice and indeed, the capabilities of student learning 
and engagement.  Armed with the affordances and conveniences that these 
technologies provide, the learning professional might assume that these are easily 
integrated into teaching practice inside or outside the classroom, or for distance, 
flexible and blended learning environments.  With many years in higher education 
and training, the researcher, has experienced the advantages of these affordances in 
terms of enhancing group collaboration and engagement, and as a means of support 
towards completion of learning tasks.  Technology has played a significant role in 
the delivery of a number of undergraduate, postgraduate and corporate programs in 
which the researcher was involved as a Learning Designer or Education Consultant.  
However, the researcher has often questioned if these efforts are only superficial.  
Whether the cognitive indicators as evidenced by discourse, are a function of nature 
or nurture, and the extent to which these impact learning behaviour and outcomes is 
questioned.  Perhaps what is seen and heard by those facilitating the learning is only 
an externalisation of what learners already know.  If so, learning and teaching 
designs need to go beyond the external or explicit to truly design for deeper learning.  
This is where an idea begins to germinate into a research construct.  However, before 
a rationale for undertaking this study can be provided, an explanation of the 
environment and issues surrounding the research problem merits discussion. 
1.3.1 Student learning and technology use 
Mobile technologies, laptops, smart and convergent devices, tablet 
computers and integrated collaborative technologies are pervasive.  Just as desktop 
PCs evolved from being technologies for specialised applications to becoming 
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essential technological aids for home, office and business, these devices are now 
commonly used at home, business, schools and universities.  This pervasiveness is 
seen in the increase in market figures overall and the high level of technology uptake 
by young learners in Australia as evidenced by recent reports and surveys listed in 
Table 1.1. 
Table 1.1 
Surveys and Reports on Technology Uptake 
Description Data 
Internet access over four years by households with young people 
(12 – 14 years of age) (Australian Bureau of Statistics, 2009; 2011) 
 
 
80 – 82% 
 
2011 mobile phone ownership and number of people accessing 
services online via their handsets which exceeded predictions 
(Australian Communications and Media Authority, 2011; Banks, 
2004; Chaisatien & Quah, 2003; Clement, 2004) 
 
87 – 89%  
 
Family households with young people (8 – 17 years of age) 
indicated the benefits of broadband internet and mobile phone to 
education and learning (Australian Communications and Media 
Authority, 2008) 
 
96% 
 
Increase of 63 per cent from 2.4 million in 2010 to 3.9 million in 
2011 of Australians aged 14 years and over who went online via 
their mobile phone (Australian Communications and Media 
Authority, 2011) 
 
63% 
 
Forecast of convergent technology market as part of information 
technology spending growth between 2011 and 2020 (International 
Data Corporation, 2005; 2011) 
 
80% 
Forecast annual iOS tablet sales by 2015 (Camm-Jones, 2011) 
 
149m 
Android market sales in 2011 (Camm-Jones, 2011) 
 
43.4m 
ECAR study on student ownership of mobile phones personal 
desktop and laptop ownership (based on sixty-three (63) US higher 
education institutions) (Kvavik & Caruso, 2005) 
 
90.1%, 61.6%, 55.6% 
Number of devices owned by students at any one time (Kvavik & 
Caruso, 2005) 
2 – 3 
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The figures in Table 1.1 are also a reflection, in part, of the benefits that 
these technologies bring to education and learning, mainly because of the 
affordances that convergent technologies offer: the ability to run multimedia such as 
video and image data capture, multi-linking synchronous and asynchronous social 
interactions, cloud-based technologies, faster and more efficient file sharing between 
peers and devices, gigabit storage capacities, wearability and mobility, ubiquitous 
communication and wireless networking, information searching, and personal 
information management.  These affordances reflect student usage of technologies 
such as using the computer for creating documents, searching for information, taking 
digital photos or movies, general course administration and personal organisation, 
blogging, file sharing, social networking, voice over IP telephony, web-
conferencing, using a learning management system to access course-related material, 
and communicating via email, SMS and instant messaging, as previously described 
in the study of Kennedy et al. (2006).  Convergence according to Jenkins (2006, p. 2) 
is “the flow of content across multiple media platforms, the cooperation between 
multiple media industries, and the migratory behaviour of media audiences”.  
Camm-Jones (2011) stated that “…OSs [iPhone and Android] have the usability that 
consumers [students] enjoy, the ‘apps’ that consumers feel they need, and 
increasingly a portfolio of services delivered by the platform owner as well”.  In the 
words of Ovum analyst Roger Entner (2005), Apple saw “the writing on the wall” 
regarding convergent technology innovation.  When bundled with tablet computers 
or laptops, smart devices offer tools that integrate tools and functionalities that are 
seen to benefit student learning as can be seen in this marketing campaign 
(http://www.apple.com/au/education/why-apple/).   
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Although, technological use is pervasive, much less is known about how 
these technologies affect and interact with student engagement in more conventional 
study practices such as group work.  Lea and Jones (2011, p. 377) contend that the 
“complex interrelationship between literacies and technologies [has] the potential to 
disrupt conventional academic literacy practices” and “offer strong evidence for 
students’ ongoing reliance on the authority of the institution” for how students use 
learning resources.  This issue is further discussed in the next section. 
1.3.2 Universities’ use of integrated collaborative technologies  
Universities provide environments for collaboration and learning 
communities.  Much has been said above about the convergence of information and 
communication technology tools and devices but another convergence is taking place 
through systems that support collaboration and social or working communities or 
groups.  Collectively known as Integrated Collaborative Environments (ICEs), these 
systems vary from the SmartBoard to full interactive online and face-to-face 
conferencing and networked systems such as Teamspot, BlackBoard Collaborate, 
Vyew, Live Meeting and many more (see Appendix A).  ICEs such as Teamspot, 
have the capability to connect group members’ laptop or mobile device through a 
shared desktop.  Market analysis by Erin Traudt (2010), research director of IDC's 
Enterprise Collaboration and Social Solutions program says: 
While 2009 was certainly a tough year for companies, the integrated 
collaborative environments submarket remains one of the cornerstones of 
the collaborative applications market as well as one of its largest segments 
in terms of revenue.  IDC believes that email will remain a core 
component of technology portfolios as it continues to evolve from a 
standalone application to an integrated communications environment that 
includes functionality such as email, IM, conferencing, voice, and 
presence as well as social content and community features. (para. 1) 
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Industry and institutional partnerships have spurred infrastructure 
development in learning environments.  Industry has heavily invested in universities’ 
interests that are largely driven by limited physical space for an increasing 
population of students, tight budgets, higher user demands for connectivity and 
communications by an increasingly mobile student body and employees, and 
increased accountability to deliver effective learning environments in a competitive 
market (Young, 2003).  Since 2000, Hewlett Packard had invested US$14.3 million 
to universities in the US, Europe and Asia-Pacific with the latter receiving 
US$800,000 aimed at integrating mobile technology in institutions (Hewlett 
Packard, 2008; Yung, 2011).  Australian universities that have been awarded grants 
for the development of teaching and learning programs include Curtin University 
and Royal Melbourne Institute of Technology (RMIT) University receiving 
A$150,000 in 2004 and the University of Melbourne and Charles Darwin University 
being awarded a grant in 2003 (RMIT, 2004).  Universities such as the Queensland 
University of Technology (QUT) continue to invest in low bandwidth online services 
to portable computer users anywhere, anytime on campus via a secure wireless 
protocol (Division of Information and Academic Services, 2003) to service the 
communication, learning and teaching needs of students and staff.  From 2007 - 
2009, QUT deployed thirty TeamSpot systems which students adopted immediately.  
QUT is working with other institutions in Australia to pattern new forms of flexible 
learning spaces that minimise cost while maximising interaction capabilities for 
students and faculty (Tidebreak, 2011).   
The drivers for technology use are summarised as: increasing market share 
by technology vendors, improved technological affordances that learners consider as 
supporting their learning, and technological investment by universities and industries 
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to improve teaching and learning programs.  It is not surprising, therefore, that by 
sheer numbers, students as consumers of educational services, will drive the 
revolution for university infrastructures to cater for technology integration and usage 
in the classroom.  Technology-proficient learners are in our classrooms, here and 
now, and are coming more quickly than we can count.  Therefore, the true benefits of 
interactive and collaborative technologies for learning needs to be further 
understood. 
1.4 Critical thinking in collaborative and technology-enhanced 
environments 
There is a plethora of accounts to indicate the benefits that can be gained 
from harnessing the affordances and functionalities of ICE, mobile and wireless 
technologies as learning utility tools (Attewell & Savill-Smith, 2004; Geddes, 2004; 
Griswold, et al., 2002; Shield, Atweh, & Singh, 2005).  The benefits that have been 
described include the development of learning communities, facilitating 
collaborative interactions and making learning task performance more convenient.  
More recent studies have shown that collaborative face-to-face technologies such as 
Tabletops can shape the interactions among students (Dillenbourg & Evans, 2011) 
and that orchestrating collaborative learning for more authentic student sharing is 
needed for collaborative knowledge-building online (Riel & Sparks, 2009). 
However, an important caution against the unquestioned adoption of 
technology was presented by Njenga and Fourie (2010).  Njenga and Fourie 
described these e-learning adopters as technopositivists who are “driven by 
‘compulsory enthusiasm’ about the technology that is being created, propagated and 
channelled repeatedly by the people who stand to gain either economically, socially, 
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politically or otherwise in due disregard of the trade-offs associated with the 
technology to the target audience” (p. 200).  The real issue being presented by 
Njenga and Fourie (2010) is the lack of time and opportunity for teachers to explore 
the dangers and rewards of technology use on teaching and learning. 
At the centre of this milieu are the learners and their ability to work with 
these technologies.  There may be a presumption that learners have acquired skills 
and are expected to learn on the run, in the modern tradition of just-in-time learning, 
or that they will acquire the performance skills necessary to work with these learning 
technologies during their course of study.  The 2005 ECAR study (Kvavik & Caruso, 
2005) suggests that students have basic skill functionalities associated with 
technology use but have difficulties in problem solving skills and, depending on their 
discipline area or major, with the use of specialty application skills such as 
spreadsheets and presentation software.  However, there is a clear statement to be 
made at this point: “it is not about the technology”.  Students that enter university 
classrooms today are of the Net Generation (1982 – 1991) and “don’t think in terms 
of technology; they think in terms of the activity technology enables” (Oblinger & 
Oblinger, 2005, p. 2.10), in other words, the design of the activity for learning with 
the technology. 
A controlled multivariate study of undergraduate engineering students 
determined that learning outcomes were better achieved when active and 
collaborative approaches over conventional or lecture style approaches were used 
(Terenzini, Cabrera, Colbeck, Parente, & Bjorklund, 2001).  Advantages were seen 
in the development of design, communication and group skills, including some 
evidence of support for gaining problem-solving skills.  These attributes indicate that 
collaboration in group work is of value when students not only develop their own 
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ideas but are able to share and build knowledge together, a characteristic of learners 
with higher order or critical thinking skills.  Reflection and argumentation techniques 
to teach critical thinking skills have been proposed in both technology (Marttunen & 
Laurinen, 2001; Tan, Turgeon, & Jonassen, 2001; van Gelder, 2001) and non-
technology environments (Blair, 2012; Ennis, 1987).  Ennis (1987) also argued the 
need for greater subject or context specificity in studies of critical thinking.  Most 
strategies used to teach critical thinking are indirect, and teachers expect students to 
acquire this skill during their course of study, and the improvements over time are 
very slow and of low magnitude (van Gelder, 2001).  Pascarella and Terenzini 
(1991) found limited evidence of growth in critical thinking during university 
attendance: 
Evidence suggests that critical thinking can be taught, although the 
average effect is based on a rough estimate and is quite modest in 
magnitude.  Students who receive purposeful instruction and practice in 
critical thinking and/or problem solving skills appear, on average, to gain 
an advantage in critical thinking skills of .23 of a standard deviation (9 
percentile points) over students not receiving such instruction. (p. 540) 
 
Learning acquisition within collaborative environments has been indicated 
by discourse and critical discourse is a function of critical thinking (Duffy, Duebler, 
& Hawkley, 1998; Savery & Duffy, 1996).  Furthermore, intellectual (and therefore, 
critical thinking) development has hereditary (natural ability) or developmental 
origins (nurtured ability) as theorised by Horn and Cattell (1967; Sullivan, Johnson, 
Mercado, & Terry, 2009).  Although the collaboration studies discussed in the 
preceding section have shown learning and critical thinking acquisition, they have 
not clarified the nature of critical thinking behaviour nor the quality of critical 
discourse.  There is a need, therefore, to clarify critical thinking performance within 
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collaborative and technology-enhanced environments.  Moreover, as wireless local 
area networks (WLAN) and broadband deployments grow, so will the uptake of ICT, 
ICE and convergent mobile device usage and integration into the learning arena.  It 
is clear that ICE, mobile and wireless integration in the classroom will continue to be 
implemented through institutional and industry initiatives irrespective of the 
demands placed on learners by presuming that they have performance aptitudes and 
skill sets to use these technologies (Eisenberg & Johnson, 2002; Kvavik & Caruso, 
2005).  According to Kvavik and Caruso (2005), students are expected to 
communicate and engage in critical discourse, as well as access and exchange 
information using these technologies.  Therefore, there is a danger of unintentionally 
discriminating against learners who may not have developed critical thinking skills 
in order to participate effectively.  This brings to the fore issues of inequity in terms 
of the expectations placed by teachers’ on their students because it led teachers to act 
and respond accordingly rather than react to changes in student performance caused 
by other sources (Cotton, November 1989).  The implications for learner usage, 
implementation strategies, and the design of integration frameworks to effectively 
facilitate critical thinking, cannot be overlooked.  The time is right therefore, for 
research in this area to be undertaken especially within collaborative and problem-
based learning environments.   
1.5 Aim and overview of the research 
In light of the above discussions, a theoretical framework for guiding the 
purposeful and judicious use of learning technologies was developed from existing 
literature sources.  Subsequently, the framework was applied to three cases which 
were investigated to identify the extent to which the framework accommodated the 
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constraints and affordances that facilitate collaboration and critical thinking in 
technology-enhanced learning environments.  This study investigated the relational 
effects and influences on students’ learning and critical thinking as the framework 
would predict based on: 1) differences in general cognitive ability (specifically, 
eductive ability or complex problem solving ability), technological self-efficacy, 
approaches to learning and motivation; and 2) influence of learning technologies on 
learning and critical thinking behaviour.  Using data from multiple case studies to 
test the framework and the results of descriptive analyses, this study also looked 
specifically at the interrelationships and dependencies between natural skill bases 
and technology use with critical thinking behaviour within collaborative and activity-
based environments.  Thus the central question is: In what ways is critical thinking 
facilitated in collaborative and technology-enhanced environments? 
The learning design process is led by the learning designer working in 
partnership with teachers or subject matter experts to find ways to enable or facilitate 
change in learners.  It begins with thinking about and considering the theoretical 
foundations that will underpin and facilitate effective learning.  This can be viewed 
from the leadership principle of “start[ing] right to stay right” (Ventura, 2004).  In 
educational practice, this would mean ensuring that whatever learning schema or 
framework is used, this must be based on sound conceptual principles.  The 
researcher designed a framework called, CoLeCTTE (Collaborative Learning and 
Critical Thinking in Technology-enhanced Environments), a name which 
encapsulated the essence and purpose of the research that was conducted.  
CoLeCTTE is an instructional design framework designed to support the 
development of collaborative and technology-enhanced learning environments that 
will facilitate critical thinking performance.  The proposed CoLeCTTE in Case 1 
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became the initial operational schema.  The ensuing versions of CoLeCTTE from 
Cases 2 and 3 came about as a result/outcome of the investigations. 
The study outcomes may inform policy, design and implementation 
guidelines on the use of learning technologies in the classroom.  Specifically, it is 
hoped that the outcomes will guide the purposeful use of learning technologies to 
support deep learning and critical thinking amongst individuals and collaborative 
groups.  In the end, it is hoped that the study will provide an environment that will 
facilitate critical engagement in the classroom, regardless of the learner’s technology 
skills and inherent ability for deep learning and critical thinking. 
1.6 Structure of the thesis 
The issues that arise in the exploration of a complex field are numerous and 
a systematic and organised method of investigation needed to be employed.  For this 
purpose, an outline of the structure of this thesis is described.   
Chapter 1 has described the background to the research problem, and 
explained the aim and overview of the research conducted.  Chapter 2 offers a 
synthesis and analysis of existing research literature related to collaborative learning 
and technology, cognition and metacognition (critical thinking), eductive ability, 
learning approach and motivation, technological self-efficacy, complex tasks and 
contextualisation, and activity theory.  This chapter argues the need and rationale for 
this research, and presents the theoretical framework that describes the 
interrelationships and dependencies among these considerations.  The discussions are 
funnelled into a design construct and presented as the proposed CoLeCTTE 
framework, and the research questions to be investigated in this study are presented.  
Chapter 3 presents the methodology and associated tools used in the conduct of the 
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research.  This includes the development of a critical thinking coding and analytical 
tool, and a description of the mixed method research used in this study.  Chapters 4, 
5 and 6 provide the findings and analyses of Cases 1, 2 and 3, respectively.  Chapter 
4 focuses on presenting findings concerning group and individual skill bases in order 
to better understand what contributes to collective behaviour, while Chapters 5 and 6 
present further insights into group, environment, technology and activity design 
influences.  For this reason, these chapters present lengthier discussions than Chapter 
4.  In particular, Chapter 5 discusses the revised CoLeCTTE framework resulting 
from the findings of Cases 1 and 2 and then applied in Case 3.  A table of the 
summary of findings at the end of Chapters 4, 5 and 6 is provided as an alternative to 
for the reader who may prefer a summarised account.  Chapter 7 provides a whole-
of-study discussion and the final CoLeCTTE framework.  Finally, Chapter 8 
provides the conclusions of the research, highlights its contribution to the field and 
makes recommendations for further study. 
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CHAPTER 2. Literature Review and Research 
Problem 
2.1 Overview of chapter 
This chapter offers a synthesis and analysis of existing research literature 
that describes the interrelationships and dependencies of collaborative learning and 
technology, cognition and metacognition (critical thinking), eductive ability, learning 
approach and motivation, technological self-efficacy, complex tasks and 
contextualisation, and activity theory.  These factors are established constructs that 
can be used as bases for the development of an instructional design framework that 
will support critical thinking behaviour in collaborative and technology-enhanced 
group work.  This chapter will, therefore, be divided into the key areas of: 
collaborative learning and technology (Section 2.2), nature of the learner and skill 
bases (Section 2.3) and nature of complex tasks and contextualised learning (Section 
2.4).  A conceptual map shows the relationships across these constructs (see 
Appendix B).  These constructs will then contribute to the CoLeCTTE framework 
(Section 2.5).  The research questions to be identified (Section 2.6) will guide the 
investigation of critical thinking and deep learning in groups and technology 
environments.  A summary of anticipated outcomes is outlined in the final section 
(Section 2.7). 
2.2 Collaborative learning and technology-enhanced environments 
This section is aimed at discussing the nature of, and key issues arising 
from, collaborative learning within technology environments.  A point of 
clarification between use of the terms “collaboration” versus “cooperation” is called 
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for at this stage.  Panitz (1996) differentiated these two terms in the context of 
learning:  
Collaboration is a philosophy of interaction and personal lifestyle where 
individuals are responsible for their actions, including learning and respect 
the abilities and contributions of their peers, [whereas] cooperation is a 
structure of interaction designed to facilitate the accomplishment of an end 
product or goal through people working together in groups. (para. 1-2) 
 
The notion of collaborative learning is important because it represents the 
way professional groups work.  The participants in this study are expected to become 
professionals and therefore, collaboration rather than cooperation characterises how 
they are expected to behave in groups to complete a learning task.  Collaborative 
learning goes beyond that of unstructured interaction or the organised allocation of 
set tasks.  Rather, it is the collective behaviour of actively exchanging ideas so that 
there is a “shared conception of the problem… [that allows for] mutual engagement 
of participants in a coordinated effort to solve the problem together” (Roschelle & 
Teasley, 1995, p. 70).  Dillenbourg (1999) posits that the definitions surrounding 
collaborative learning have been focused on “collaboration” rather than “learning”.  
He presents an argument for “a situation in which particular forms of interaction 
among people are expected to occur, which would trigger learning mechanisms, but 
there is no guarantee that the expected interactions will actually occur”.  So 
investigations on collaborative learning necessitate “zooming in”, more specifically 
for the purposes of this study, on critical thinking in collaborative environments.  
This study has undertaken this investigative approach by primarily focusing on the 
interrelated factors of eductive ability, technological self-efficacy, approaches to 
learning, and motivation and their effect on critical thinking behaviour. 
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Extensive literature and research have shown the benefits of peer and 
collaborative learning.  For instance, Boud, Cohen and Sampson (2002) note that 
interactive engagement takes place in groups by having students work and learn 
through exchanging ideas, experiences and skills.  Students are challenged to think in 
different ways, fostering critical reflection and reassessment of views.  Watters  and 
Ginns (2000) used a mixed methods approach to explore the development of science 
teaching self-efficacy in pre-service teachers engaging in collaborative learning 
processes.  They were able to demonstrate enhanced confidence and self-efficacy in 
students which was attributed to the engagement with peers.  However, 
implementation of collaborative group work in the classroom for large numbers is 
problematic such as requiring strategies or resources that are often impractical in the 
physical environment of lecture halls (Miller, 1956), or issues related to being able to 
effectively manage group formation, task design, group instructions, methods for 
dealing with free-riders, evaluation of process and aspects related to cultural 
diversity (De Vita, 2001).  On the other hand, Christopher (2003) showed how the 
use of interactive, collaborative and active learning techniques, where students in 
large classes were divided into groups and allowed to reflect on their learning 
experiences, facilitated a higher order of learning as well as enhancing their 
technology, time management, and research skills.  A webquest system was also 
used as a seamless interface for extending their research skills and assignment 
submissions.   
As previously mentioned in Chapter 1, the literature provides a plethora of 
accounts to indicate the benefits that can gained from harnessing the affordances and 
design functionalities of mobile and wireless technologies as learning tools (Attewell 
& Savill-Smith, 2004; Geddes, 2004; Griswold, et al., 2002; Shield, Atweh, & Singh, 
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2005).  The benefits of these technologies include the development of learning 
communities, facilitating collaborative interactions and making learning task 
performance more convenient, particularly for distributed student groups.   
Group composition for activity learning may consist of student members 
that are geographically separated or live far from each other, making group meetings 
difficult.  A recommendation to carefully consider the support systems in line with 
the teaching modality was proposed by the AACSB (Association of Advance 
Collegiate Schools in Business, 2007).  Technology may serve as an anchoring and 
mediating system for synchronous and asynchronous interaction in groups.  Figure 
2.1 is a diagrammatic representation of a distributed classroom which is made up of 
in-class, external and transient students brought together as collective units or groups 
through anchoring and mediating technologies.   
 
Figure 2.1. Technology-enabled distributed and collaborative groups. 
As a technological implementation schema, large classes are able to work 
collaboratively across virtual spaces in the classroom or outside using connecting 
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technologies to transmit information to a central anchoring technology administered 
by the lecturer.  It will be possible to utilise students’ own devices such as their 
mobile phones or laptops to bring together individual and collective group feedback 
through an anchoring technology such as a Tablet PC-mobile phone or conferencing 
system that carries the application feedback data through the server.  The learning 
facilitator and/or group members can be physically located in the classroom, office 
or other physical space or be transient across different spaces and be in contact with 
other members of the class. 
Although the schema does not show how critical thinking and deep learning 
can be facilitated in the interactive and engagement process, it represents the 
technological skeleton or network of collaborative groups from which the 
development of an instructional design framework to support critical thinking and 
deep learning can be framed.  However, before an instructional design model can be 
defined, characteristics that differentiate individual learners performing within this 
environment should be considered and are discussed in the following sections. 
2.2.1 Group dynamics, influences and performance 
Although it is outside the scope of this study to investigate group processes 
and dynamics, a brief discussion is merited to understand the factors that influence 
group performance.  “Group dynamics are the influential processes that take place in 
groups and also the discipline devoted to the scientific analysis of those dynamics” 
(Forsyth, 2010, p. 1).  From this definition, it means that it is a social process where 
within-group interactions influence the attitudes and behaviour of people when they 
are grouped with others.  Group behaviour is influenced by the presence of other 
people, an authority figure, interpersonal relationships, and the positive and negative 
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contexts within the group (Hewstone, Fincham, & Fost, 2005).  Processes within 
groups are influenced by its purpose, leadership, roles and communication patterns, 
particularly in large groups where group formation, designing effective group tasks, 
instruction and training and dealing with free-riders become issues (De Vita, 2001).  
In a study of 329 organisational work groups, results showed that smaller groups 
when compared with a larger group (e.g. three to four members versus five to six 
members), were significantly more productive and more developmentally advanced, 
indicating that work-group size is a crucial factor in increasing or decreasing both 
group development and productivity (Wheelan, 2009).  Benefits to small group 
learning include: active learning, encourages self-motivation, facilitates application 
and development of ideas, promotes deep learning, promotes an adult style of 
learning, develops transferable skills (Crosby, 1996).  However, within technology-
enhanced environments, small group learning was more positive than individual 
learning based on student individual achievement, group task performance, and 
several process and affective outcomes and could be accounted for by technology, 
task, grouping, and learner characteristics in the studies (Lou, Abrami, & 
d'Apollonia, 2001).  Lou, Abrami and d’Apollonia (2001) also showed that group 
task performance was not the same as individual achievement using technology since 
there were different moderating influences.  Additionally, cooperative learning had 
significantly positive effects on both group task performance and individual 
achievement.  So in this study, Cases 1, 2 and 3 groups were limited to small group 
sizes of four to six members. 
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2.3 Nature of the learner and skill bases 
This section is aimed at exploring the nature of the learner in the areas of 
eductive ability, motivation and technological self-efficacy, and learning approach.  
Learners are central to a collaborative environment and understanding how their 
individual differences influence critical thinking behaviour is essential to 
establishing a reliable instructional design framework (introduced in Section 2.5).  It 
should be noted that age, ethnicity and gender are controlled in this study as defined 
by the selection of participants and application of appropriate normative standards 
described in Section 3.3.2.1.  Specifically and within the context of this study, the 
learner differences to be considered include critical thinking skills, eductive ability, 
approaches to learning, motivation and technological self-efficacy.  This section 
discusses these considerations. 
2.3.1 Critical thinking, cognition and metacognition 
The literature offers a variety of interpretations for critical thinking, 
cognition and metacognition, and there are overlaps in how these concepts are used.  
Thus, there needs to be clarity about their relationships in the context in which this 
study is conducted.   
2.3.1.1 First level cognition and critical thinking 
The notion of critical thinking evolved from Socratic discourses of 2500 
years ago and have influenced the taxonomic translations to describe this construct 
within the mainstreams of psychology and philosophy today.  Operationally, critical 
thinking includes verbs such as analyse, criticise, interpret, infer, explain, evaluate, 
self-regulate and solve.  The psychological view is focused on the internal cognitive 
processes and schemas that form critical thought and activity (Bloom, 1960; Ennis, 
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1987) and includes the terms reflection, contemplate or ponder, and “reasonable, 
reflective thinking focused on what to believe or do” (Ennis, 1992).  Cognition (n. 
the mental action or process of acquiring knowledge and understanding through 
thought, experience, and the senses) (Oxford University Press, 2012) results in 
knowledge or perception, of which critical thinking becomes the externalised 
activity.  The philosophical view, on the other hand, draws from informal logic and 
is value-laden, thus, the use of the terms analysis and reflective argumentation.  Paul, 
Elder and Bartell (1997) emphasise that it is not sufficient to enact the process of 
critical thought but that every reasoning in any domain must meet a set of value 
criteria.  Critical thinking as defined by the National Council for Excellence in 
Critical Thinking is based on the philosophical view posited by Scriven and Paul 
(1987): 
Critical thinking is the intellectually disciplined process of actively and 
skilfully conceptualizing, applying, analysing, synthesizing, and/or 
evaluating information gathered from, or generated by, observation, 
experience, reflection, reasoning, or communication, as a guide to belief 
and action. In its exemplary form, it is based on universal intellectual 
values that transcend subject matter divisions: clarity, accuracy, precision, 
consistency, relevance, sound evidence, good reasons, depth, breadth, and 
fairness. (para. 3) 
 
This explanation closely approximates the critical thinking categories of 
Henri (1992; 1993) where he identifies three dimensions of critical thinking as 
interactivity (ways by which statements lead to participant responses), cognitive 
(explicit reasoning and critical thinking), and metacognitive knowledge and skills 
(participant’s conscious and unconscious control and monitoring processes).  Henri’s 
model is appropriate as a method for content analysis of critical discourse but was 
insufficient for self-directed problem-based learning, commonly undertaken by adult 
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learners.  Within the cognitive dimension, Garrison (1992) offers an adaptation of 
Henri’s model by defining critical thinking as an externalisation of the internal world 
as individuals take responsibility for working out complex problems.  Garrison’s five 
stages of problem identification, definition, exploration, evaluation/applicability, and 
integration; can be juxtaposed against Henri’s cognitive dimensions of elementary 
clarification, in-depth clarification, inference, judgment and strategy formation 
(Newman, Webb, & Cochrane, 1995).  Since Henri and Garrison’s definitions of 
critical thinking were written for synchronous discussions, Perkins and Murphy 
(2006) offered clarifications on the stages of critical thinking for online discussions 
(e.g., using “proposes” instead of “identifying” and “recognising”).  These 
classifications, and how they are used in the codification of qualitative data in the 
study, are further explained in Chapter 3, Section 3.5.2. 
2.3.1.2 Explicit and non-explicit/implicit metacognition 
Paul (1990) presents the notion of metacognition as “thinking about 
thinking” which was extended in the critical discourse of Kuhn (1999), that when 
critical thinking is thought of this way, it touches on the many instances of meta-
knowing – metastrategic (knowing how), metacognitive (knowing that) and 
epistemological (grounds of knowledge).  Kuhn begins by saying, “Thinking about 
one's thought in contrast to simply engaging in it opens up a whole new plane of 
cognitive operations that do not exist at a simple first-order level of cognition” (p. 
18).  The implication in this statement is quite clear in that critical thinking 
encompasses various aspects of meta-knowing or what is more collectively known as 
metacognition in other literature (Flavell , 1979; Nelson & Narens, 1994).  They 
defined metacognition as having four classes of phenomena: (a) metacognitive 
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knowledge, (b) metacognitive experiences, (c) goals (or tasks), and (d) actions (or 
strategies).   
Although metacognition is conceptualised as a conscious process where 
individuals know and regulate their cognitive processes (Schraw & Moshman, 1995), 
there is a growing awareness of the unconscious aspect of metacognition – non-
explicit or implicit metacognition.  It is characterised as cognition monitoring and 
control without the individual being conscious or aware that they are doing so such 
as when affect triggers the use of a strategy (Rede & Schunn, 1996).  This is 
demonstrated in the multi-level metacognitive model proposed by Efklides (2008) 
and shown in Figure 2.2.   
 
 
Figure 2.2. Efklides’ multifaceted and multilevel model of metacognition (2008). 
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For the purposes of this study, Efklides’ (2008) model is further described 
in brief as consisting of object level, metalevel and meta-metalevel.  She posits that 
at the object level, processes involving cognition and emotions or affect functions at 
a non-conscious level and involves two separate regulatory systems, nonconscious 
monitoring and control processes.   
Nonconscious monitoring and control are, therefore, non-explicit in nature 
and may be evidenced in implicit statements or a “feeling of knowing” (Koriat, 
1993; Koriat & Levy-Sadot, 2000).  This “feeling of knowing” is a self-awareness 
experience taking place at the personal-awareness level in Efklides’ model through 
the interactions between each of the two regulatory systems at the object and 
personal-awareness levels.  The product of these interactions are perceived by a 
learner at the personal-awareness level and become an explicit metacognitive action 
or behaviour.  There is constant interplay of emotions, thoughts, ideas, desires, 
perceptions with metacognitive experience (ME), metacognitive knowledge (MK) 
and metacognitive strategy (MS) taking place at the self-awareness level.  A 
conscious self-regulatory process is facilitated and personal awareness informs the 
meta-meta level at the social level of metacognition (i.e., metacognitive judgments 
(MJ) about self and others, MK and MS).  Monitoring and control regulatory 
processes at this level is social and explicit through declarations or reflections shared 
such as in a group setting where learners are engaged in a collaborative task.  
Therefore, the perspectives of metacognition particularly as described by Efklides, 
and indeed critical thinking, discussed so far are appropriate to use in this study. 
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2.3.1.3 Towards a socio-constructivist view 
Monitoring and control at the level of explicit metacognition and critical 
thinking imply social externalisation as necessary for effective co-construction of 
knowledge.  Furthermore, both early and more recent scholars such as Facione 
(1990; 2006), Savery and Duffy (1996) have posited holistic interpretations of 
critical thinking within a constructivist framework where internal processes are 
influenced by external factors surrounding the learner.  In the main, these are the 
underlying bases for designing and developing learning, and the tools and strategies 
to allow them to build from prior knowledge.   
This holistic perspective is seen in the way universities view learning 
contexts today that demand authentic tasks to facilitate the acquisition of deep 
learning and higher order skills such as critical thinking.  In 2000, the Australian 
Technology Network of universities (QUT, RMIT, UniSA, UTS, and Curtin 
University) issued a report arguing for universities needing to integrate graduate 
capabilities including, but not exclusively, critical thinking and problem solving 
skills into the curriculum.  These arguments included the need to: 1) provide citizens 
who can operate as agents of social good in the community; 2) prepare students for 
lifelong learning; and 3) prepare students to be workplace ready (Bowden, Hart, 
King, Trigwel, & Watts, 2000).   
Today, the Australian Qualifications Framework (Australian Qualifications 
Framework Council, 2011) requires the incorporation of generic outcomes into 
qualifications which include: literacy and numeracy, people and personal skills and 
thinking skills.  Ever since generic attributes have been recognised as essential to 
lifelong learning and workplace productivity, these have been implemented and 
achieved through policy integration, for example, at the Queensland University of 
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Technology in 2005, as well as the application of socio-constructivist paradigms into 
learning and teaching programs (Godat & De Graaf, 2003; Godat, Yahaya, Euler, & 
Singh, 2005; Radbourne, 2002; Thompson, Treleaven, Kamvounias, Beem, & Hill, 
2008).  These programs integrated generic attributes in assessment criteria, 
professional attributes, lifelong learning and higher order skills were integrated into 
the core curriculum using case studies developed with the participation of real world 
organisations such as the Port of Brisbane Corporation, Australia Post and Publicis 
Mojo to provide authentic learning environments; and risk taking and decision-
making skills in crisis environments were exercised through virtual environments, 
and use of interactive tools within a learning management system.   
These examples indicate that problem solving and critical thinking are key 
generic competences that are required of university graduates today and industry 
expects or considers graduates to be capable of being competitive in the workplace 
(Radbourne, 2002).  Specifically, Raven (1998) proposed the notion that successful 
managers and graduates present the capacities for observation, clear thinking and 
efficiency in intellectual activities.  As discussed in Chapter 1, what is not clear is 
how higher order critical thinking skills can be facilitated and optimised in an 
environment where learning technology systems and devices are increasingly used in 
the learning and working arena.   
There are many terms related to critical thinking which define the depth and 
quality of socio-cognitive engagement: interpretation, in-depth clarification, 
inferencing, analysis, evaluation, inference, explanation, and self-regulation, 
reasonable reflective thinking (Ennis, 1992; Facione P., 2006; Henri, 1992).  Critical 
thinking is further characterised by thinking that has a purpose and can be a 
collaborative, non-competitive endeavour (Facione P., 2006), a perspective 
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considered to be apt for this study.  Correspondingly, Huitt (1998) extends the 
definition to add an interactive element to the process: “Critical thinking is the 
disciplined mental activity of evaluating arguments or propositions and making 
judgments that can guide the development of beliefs and taking action”.  Dialogic 
learning during collaboration has a positive effect on critical-thinking when students 
are able to work with authentic problems and in an environment where they are 
allowed to offer opinions to influence other students’ positions, and be personally 
involved in the process of collaborative meaning making (co-construction) (Frijters, 
ten Dam, & Rijlaarsdam, 2008).  From this perspective then, critical thinking 
becomes a process of collaborative critical inquiry where the learners engage in 
reasoned arguments, and deliberate the alternatives to come to a position on the 
problem or issue (Duffy, Duebler, & Hawkley, 1998; Savery & Duffy, 1996).   
However, the ability to participate in collaborative critical inquiry is a 
function of natural cognitive abilities, which for the purposes of this study, is 
focused on eductive ability as explained in the following section. 
2.3.2 Eductive ability 
It follows from the above discussion that problem-based learning can take 
place if learners are engaged in cognitive activities that they find engaging or 
important, and motivating (Kvavik & Caruso, 2005) (the role that motivation plays 
in learning is discussed in Section 2.3.4.3).  An engaging cognitive activity allows 
for a triggering of consciousness of an existing problem that needs to be addressed, 
that something could be done better or that something merits exploration.  Eductive 
ability, which contributes to cognitive activity is (Raven, Raven, & Court, 1998a; 
1998): 
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The ability to forge new insights, the ability to discern meaning in 
confusion, the ability to perceive, and the ability to identify relationships.  
Since perception is primarily a conceptual process, the essential feature of 
eductive ability is the ability to generate new, largely non-verbal, concepts 
which make it possible to think clearly.  …the ability to evolve high-level 
constructs which makes it easier to think about complex situations and 
events. (p. G8) 
 
But as Raven (1998) claims, eductive ability is not a measure of 
intelligence.  Rather, eductive ability is viewed as a measure of complex problem 
solving aptitude and its interpretation depends on the “affective, conative and 
interpersonal” aspects of the environment with which it interacts.  So the cultural 
constructs that come into play cannot be dissociated from the process of problem 
solving or intelligence.  Raven (2000) summarised a number of studies which 
considered the affective, conative and social interactions with eductive ability 
measures in different occupational settings and showed “effective performance of 
each and every one of the activities mentioned in the studies”.  It therefore follows, 
that any assessment of eductive ability will need to consider context.  Eductive 
ability measured using Raven’s Advanced Progressive Matrices has been shown to 
correlate with a variety of measures of managerial performance such as the Watson-
Glaser (WG) Test of Critical Thinking (r = 0.53) (Raven, Raven, & Court, 1998; 
Watson & Glaser, 2010).  Another correlation study between both tests showed an  
r = 0.12 for planning and problem-solving performance.  Although r = 0.12 is a weak 
correlation, this value was considered significant when considered in the context of 
the study where a large population of 1,120 managers was studied, and since the 
correlations between the performance measures and most of the other tests used in 
the study were found to be zero (Raven, 2000).  The interesting question that can be 
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raised at this point and will be investigated in this study, is whether a student’s level 
of eductive ability is a factor in how they will engage critically in a technologically-
enhanced classroom (i.e. show evidence of the use of critical thinking skills).   
As indicated in Chapter 1, young learners have been described as being 
armed with technological tools and motivated by problem-based learning activities 
that are engaging.  Problem-based learning activities are supported by one’s eductive 
ability which in the study above, correlates with critical thinking abilities.  It is 
relevant to emphasise a point made by Sharples and colleagues (Sharples, Corlett, & 
Westmancott, 2002; Sharples, 2003) that learning needs to be carefully managed and 
designed so as not to promote mobile devices (or indeed technologies) as disruptive 
agents but to support cognitive activity and engagement in the classroom.  Sharples 
(2002) and Laurillard (1993) go to the extent of proposing a conversational 
framework for computer aided instruction.  This framework is underpinned by 
recognition of learners as having a relationship with the world through dialogue with 
the teacher and their peers, making learning approach as the centre of the learning 
process rather than the technology.  Noting that learners differ in their natural 
abilities (critical thinking and eductive ability) and the way they process information, 
and therefore, the strategies that they would use when they perform a learning task, a 
review of differences in individual cognitive learning processes is called for and 
discussed in the following section. 
2.3.3 Cognitive/learning styles, preferences and approaches 
There are conflicting views on the value of accommodating individual 
differences in learning in the development of instruction.  Defining individual 
differences is problematic as a variety of constructs have been formulated such as 
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cognitive styles, learning styles, learning preferences and learning approaches.  It is 
not the intent of this section to debate or argue for/against any of these views but to 
offer clarification on these theories.  The criticism towards learning styles has mainly 
centred around the matching of instructional methods and assessments to different 
individual learning or cognitive styles based on inconclusive evidence that a 
relationship exists to affect cognitive processing.  This controversial issue was 
highlighted long ago by Cronbach and Snow (1977, p. 492) after extensively 
reviewing Aptitude Treatment Interaction (ATI), who stated that, “No Aptitude x 
Treatment interactions are so well confirmed that they can be used directly as guides 
to instruction”.  More recently, the conclusion of Cronbach and Snow was echoed by 
Clark (2010) and Pashler, McDaniel, Rohrer and Bjork (2008) who do not dispute 
the existence of learning aptitudes, or indeed learning styles, but maintain that 
insufficient evidence exists to confirm their interaction with different types of 
information.  The cost benefits of implementing the results of research by proponents 
of learning styles, many of which have stemmed mainly from experimental research 
and review of other empirical studies, can be summarised in the follow statement 
(Pashler, McDaniel, Rohrer, & Bjork, 2008): 
…there is no adequate evidence base to justify incorporating learning 
styles assessments into general educational practice.  Thus, limited 
education resources would better be devoted to adopting other educational 
practices that have a strong evidence base, of which there are an increasing 
number.  However, given the lack of methodologically sound studies of 
learning styles, it would be an error to conclude that all possible versions 
of learning styles have been tested and found wanting; many have simply 
not been tested at all. (p. 105) 
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As implied above, the determinations of experimental research calls for 
further deconstruction and review of cognitive and learning styles research in order 
to acquire a better understanding of its application in practice.   
2.3.3.1 Theoretical specificity and confusion 
The origins of individual differences as a notional construct was first 
presented by Freeman in 1934 (Hered, 1935, p. 245).  As Hered noted, “the assertion 
in Freeman’s book is that hereditary and environmental agencies are responsible for 
the development of mental traits”.  After more than seven decades, this observation 
has remained relevant as the intelligence construct became more specific in the form 
of cognitive style, learning style, learning approach (or strategy) as some of the more 
commonly (and interchangeably) used concepts amongst many.  One can surmise 
that such diversity and even overlap in definitions is necessarily an outcome of 
increased research in this area.  However, specificity has also led to some confusion 
in its definition and usage which can be attributed to the perspectives from which 
these were measured by proponents of learning styles.  The most common amongst 
these are those of Craik and Lockhart (1972) on Deep and Surface processing, 
Witkin and Goodenough (1981) on Field-Dependence/Field-Independence, and 
Riding and Cheema’s (1991) Wholist-Analytic and Verbaliser-Imager.   
Information processing theory (McShane, 1991) has provided explanations 
about internal processes that take place as part of an individual’s reaction to the 
environment such as when textual information is presented to and interpreted by a 
learner.  With its roots in communication and linguistic theories, information 
processing theory attempts to explain the functional processes that operate to extract 
information when environmental stimuli are presented (McShane, 1991), particularly 
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in complex task performance (Snow, 1986; Witkin & Goodenough, 1981).  Turing 
(1936) proposed that complex thought could be explained by a series of steps 
involved in processing specific and precise units of information.  These strategies 
when used often enough, become spontaneous and are performed unconsciously, a 
predisposition referred to as learning styles.  However, habitual and frequent mental 
processing are a precursor to, and predispose one to behave in spontaneous and 
consistent ways, a definitional element of cognitive styles.  Indeed, Allport (1937) 
has defined cognitive styles as an “individual person’s typical or habitual mode of 
problem solving, thinking, perceiving and remembering”.  As such, Entwistle (1981) 
is reasonable when he considers cognitive style and learning style as one and the 
same (Eyuboglu & Orhan, 2011).   
Learning styles have been offered as the explanation for differences in 
performance that cannot be accounted for by ability.  Cognitive and/or learning 
styles are used in real-world settings (school, work and the home).  Cognitive and/or 
learning styles and eductive abilities are different yet interrelated, with the former 
described as an established schema for processing information and the latter 
measured as an aptitudinal trait.  For example, Riding and Cheema’s (1991) 
classification of learners falls within two dimensions, Wholist-Analytic and 
Verbaliser-Imager.  Wholists like to process information by constructing an overall 
understanding or overview of the information and are able to work well with abstract 
concepts, learning in large steps.  Analysts, on the other hand, like to process 
information in detail and according to clear-cut conceptual groupings, and learning 
in small steps or increments.  In the second dimension, Verbalisers like information 
to be presented in text form while imagers tend to represent information using 
diagrams and figures.  In the context of higher education, Pillay (1998) found that 
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Wholist-Analytic and Verbaliser-Imager learners performed differently in computer-
based tasks requiring recall, labelling and explanation.  A more recent study has 
shown that reflective learners tended to be more analytic (Davies & Graff, 2006) and 
that the approach to testing cognitive or learning styles could inflate differences 
between learners. 
2.3.3.2 Interdependency theories 
Many of the theories and much of the research already mentioned attribute 
the formation of and influences on cognitive and/or learning styles to differences in 
information processing, personality, intelligence, ability and memory.  The 
fragmentation of cognitive/learning styles research based on personal characteristics 
such as gender, age and intelligence has been inconclusive in explaining how people 
react to learning procedures (Bock, 2001; Craik & Lockhart, 1972; Pashler, 
McDaniel, Rohrer, & Bjork, 2008).  Bock (2001) recognised the interdependencies 
of such variables, and attempted a synthesis of these often-paired and bipolar 
variables using the Cognitive Orientation Index (COI).  However, this novel attempt 
falls short of the need to look at how motivation, interest, experience, emotion, social 
and environmental effects may influence adaptive instruction (Snow, 1986; Tobias, 
1989) where each element of such causality is investigated not necessarily 
independent of each other but instead, interdependently.  Biggs (1993, pp. 4-6) 
differentiates between cognitive styles and learning styles in that the former relates 
more to processes “adopted prior to, and which determine, the outcome of learning”.  
On the other hand, learning styles or what Biggs’ calls student approaches to 
learning (SAL), are “predispositions to adopt particular processes”, so cognitive and 
learning styles are not wholly exclusive.   
   
CHAPTER 2 Literature Review and Research Problem 35 
Horn and Cattell (1967; Sullivan, Johnson, Mercado, & Terry, 2009) posits 
that intelligence has hereditary origins (nature or arising from a person’s intrinsic 
potential) and that developmental intelligence can be attributed to various social and 
environmental factors such as better nutrition, more parental guidance, increased 
schooling and other influences that impact the growth and maturation process of the 
learner (nurture).  The concept of nature or nurture as the source of intelligence or 
intellectual development were classified as fluid intelligence (natural ability) and 
crystallised intelligence (nurtured ability) by Horn and Cattell (1967; Sullivan, 
Johnson, Mercado, & Terry, 2009).  The former refers to a person’s intrinsic ability 
to detect relationships and solve novel problems, while crystallised intelligence 
refers to learned and/or acquired knowledge of their culture for their own use.  Fluid 
intelligence aligns with human development, peaking during the period of 
adolescence and slowly declines during adulthood; in contrast, crystallised 
intelligence has the potential to increase throughout adulthood.  The nature and 
nurture differentiation is supported by Gagné’s (2004) definition of giftedness and 
talent under the Differentiated Model of Giftedness and Talent (DMGT).  Gagné 
designated giftedness as the “possession and use of outstanding natural abilities” 
(aptitudes - fluid) while talent, refers to the “outstanding mastery of systematically 
developed abilities” (competencies related knowledge and skills - crystallised).   
Furthermore, Gardner’s theory of multiple intelligences (Gardner, 1999) 
and Sternberg’s triarchic theory of human intelligence (Sternberg & Grigorenko, 
2001) present the learner as being equipped with a set of potentialities and strengths, 
abilities to develop and build on (Renzulli & Dai, 2001).  These theoretical domains 
can be viewed with a holistic perspective through what Gardner describes as eight 
distinct forms of intelligence possessed by each individual in varying degrees: 
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verbal-linguistic, musical, logical-mathematical, visual-spatial, bodily-kinesthetic, 
intrapersonal (e.g., insight, metacognition), interpersonal (e.g., social skills) and 
natural intelligence (Gardner, 1999).  Gardner (1989) defines intelligence as “the 
capacity to solve problems or to fashion products that are valued in one or more 
cultural settings”.  Gardner’s cultural view of intelligence is complementary to the 
previously discussed view of cognitive ability (eductive ability) by Raven (1998) 
who highlights that the affective, conative and social interaction elements are 
inseparable to the internal components that influence the way information is 
processed.  Sternberg (1999), however, argues that intelligence should be taken from 
a combination of both rigorous empirical and socio-cognitivistic perspectives. 
These theories purport that individual intelligence interacts with the external 
factors in the environment resulting in various developed and developing 
competencies.  However, in a contrary to view, Previde (1991) conducted the first 
cross-national validation of a translated version of the Kirton Adaption-Innovation 
lnventory which measures individual styles of problem definition and solving on a 
non-English speaking population sample and found that the derived Italian norms 
were closely similar to the English data, indicating that cognitive style was 
uninfluenced by culture.  Previde’s results were tested by Tullett (1997) through a 
meta-analysis of English, French, Dutch, Italian, and Slovak studies.  Tullett’s 
findings, which were consistent with Previde, were supported by similarities between 
the psychometric properties and factor structures obtained for each of the language 
versions and A-I cognitive style varied more by occupation and work function than 
by nation.  Lohman (1997), on the other hand, expanded the Gardner theory (1983; 
1999) towards a more socio-historic view of intelligence as something that cannot be 
measured outside culture and experience.  If one were to support such views, social 
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and environmental constructs influence how one interacts in an instructional 
environment, thereby shaping one’s stylistic approaches to learning tasks, whether 
cognitive/learning styles, preferences or approaches (Renzulli & Dai, 2001).  
Therefore, intelligence has a relationship with and is viewed from a within social and 
environmental contexts.  Biggs (1993) explained that SAL takes a socio-cognitivistic 
perspective where learning processes and approaches involve relationships between 
the student, teaching context, learning processes, and the learning outcome.  So any 
measures to SAL should be interpreted in context.  In a sense, the environmental 
agencies first proposed by Freeman in 1934 remains as relevant for further 
investigation today as it was 78 years ago.   
2.3.3.3 The notional view of learning preferences, approaches and strategies 
Up to this point, the discussion has presented much of the literature on 
cognitive processes and little of their externalisation in terms of what the learner 
does or strategies they use when they interact with the learning task.  Early theorists 
including Pask (1976) who differentiated between students using a Serialist strategy 
(focus on details and step-wise approach) and Wholist strategy (focus on a broad 
view and building up the ideas in relation to the learning task), and Riding and 
Cheema (1991) who described the instructional preferences by Wholist-Analytic and 
Verbaliser-Imager learners as mentioned in Section 2.3.3.1.  Theorists such as Pask 
(1976), and Marton and Saljo (1976) have used the terms style, strategy, process and 
instructional preferences and “terminologies abound in this area because none of the 
frequently used terms… have been rigorously defined, nor are there any universally 
agreed definitions” (Laurillard, 1979, p. 396).  Laurillard offers the notion of 
learning processes to delineate executive style (refers to the way the student thinks 
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about the subject matter) and strategic approach (refers to the way the student 
approaches the task). 
It is worthwhile at this point to look at these various schools of thought and 
theoretical perspectives (i.e., cognitive style and instructional learning preferences) 
through Curry’s (1983) onion model in order to see how these various schools of 
thought might be placed in relationship with each other.  Curry’s model consists of 
four levels: 1) Cognitive personality elements consists of cognitive personality 
elements such as field-dependence and field-independence, and represents the most 
stable and fixed dimension.  These elements are independent of the environment 
(Saddler-Smith & Riding, 1999) and approximates cognitive style; 2) Information 
processing style refers to the way learners process information but this can be 
affected by changing instructional methods, experience and motivation, and is akin 
to learning styles; 3) Instructional preferences refers to the learner’s choice of 
learning environment, is the least stable, is related to cognitive style, and is 
influenced by the environment (learning preferences/approaches or strategies); and 
4) Social interaction style (added later) refers to individual preference for social 
interaction while learning (socio-cognitivistic interplay and affect).  The third and 
fourth dimension add an implicit view that internal processes are a function of the 
short- and long-term person-situation interaction, therefore, aptitudes are not a fixed 
entity.  The notion of context and externalisation of learning relative to the local 
environment cannot be discounted. 
Renzulli and Dai (2001, p. 33) proposed a person-situation interaction 
perspective that sees “abilities as outcomes as well as antecedents of human 
interaction with task demands and opportunities, interests as emergent self-direction 
and self-differentiation, and cognitive learning styles as emergent modes of 
   
CHAPTER 2 Literature Review and Research Problem 39 
information processing and self-expression in the person-situation interaction”.  
Earlier, Snow (1986, p. 11) had espoused that, “Fully articulated, studied, and 
applied, such a view would represent a true paradigm shift in educational theory, 
research, and practice”.  Learning approaches and abilities (critical thinking and 
eductive ability) as relational constructs with self-efficacy (technological) and the 
socio-environmental influences that play a role in individual development merits 
discussion.  Therefore, in this study, these relational constructs will be explored in 
the performance of complex and contextualised learning tasks involving learning and 
critical thinking, whilst engaging with a mediating and/or anchoring technology.  
However, before complex tasks and contextualisation are explained, motivation and 
technological self-efficacy are first discussed below.   
2.3.4 Motivation and technological self-efficacy 
2.3.4.1 Theories on motivation 
One of the determinants of the level or degree of motivation is people’s 
belief in their capabilities to influence the way they think and behave – self-efficacy.   
Self-efficacy, as part of an entire self-belief system, “varies across activity domains 
and situational conditions rather than manifest [sic] uniformly across tasks and 
contexts in the likeness of a general trait” (Bandura, 2012).  It allows people to 
achieve a level of performance by influencing their approach to dealing with events 
in their lives (Bandura, 1994).  Bandura’s view is that, there is a clear link between 
self-efficacy and self-regulation of motivation and behaviour, goal systems, outcome 
expectations, perceived environmental facilitators and enablers, and environmental 
impediments.  Self-efficacy, therefore, is embedded and plays a part in social 
cognition as an agent influencing how one behaves in the course of events (Bandura, 
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2012).  According to Bandura, positive and negative orientations to self-efficacy are 
affected by cognitive, motivational, and affective influences.  People with a strong 
sense of perceived self-efficacy generally have a positive outlook and therefore, task 
performance is enhanced because challenges are seen as something to be mastered 
rather than as threats to be avoided.  The converse is true of people with low self-
efficacious beliefs of their capabilities and therefore, they have a weak commitment 
to goals and will tend to dwell on their personal deficiencies.   
Cognitive and/or learning styles define the way learners will organise 
information, and in general, a person with strong self-efficacy will undertake 
purposive and self-appraisal strategies to facilitate their learning, control their 
emotional and motivational reactions towards goal-oriented outcomes, employ 
strategies to attain mastery of skills, and create environments for themselves that will 
help develop their competencies (Bandura, 1994).  Mistler-Jackson and Songer 
(2000) probed students’ attitudes and motivation in relation to the use of internet-rich 
curricular science programs to determine whether students with a certain motivation 
profile showed greater content learning than others.  The study showed that high, 
moderate and low motivation learners demonstrated corresponding mean scores in 
terms of their content knowledge; in particular, the lowest achieving group showed 
the least coherence and accuracy of their knowledge.  Mistler-Jackson and Songer 
(2000) also discovered that the affordances provided by internet technologies 
increased high school students’ self-efficacy and motivation in Science learning and 
that achievement in goal-oriented outcomes is largely influenced by a belief in their 
capabilities to influence the way they think and behave.  Motivation to this end is 
seen as a product of expectancy (to achieve a goal) and value (need or importance of 
the goal).   
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2.3.4.2 Motivation and technology 
The relationship and degree of interplay between people’s belief in their 
capability to achieve a goal (self-efficacy), their existing or current capability to 
address and complete a learning task (eductive ability) and the value that they place 
on the task or goal is less than clear when the limitations and affordances of 
technologies used for learning are considered.  Astleitner (Astleitner & Leutner, 
2000; Astleitner, Brunken, & Leutner, 2003; Astleitner & Wiesner, 2004; Astleitner, 
2005) proposed principles for designing technology-based learning and instruction 
that considers the motivational elements of fear, anger, envy, sympathy and pleasure 
to achieve effective learning.  Argumentation, which is a higher order skill, was 
proposed as an effective interactive online strategy especially when motivational 
support is provided.  Therefore, affection and self-efficacy can be essential, not only 
for adoption of technology, but to support critical thinking.   
Roger’s (1962) Diffusion of Innovation theory states that a person’s ability 
to adopt a new innovation will depend on their willingness (motivation) or ability to 
adopt a new innovation.  People are influenced by knowledge or awareness, interest 
or attitude, evaluation of an experience, trial or use of an innovation, and their 
previous adoption experiences.  Based on a bell curve distribution, Rogers 
categorised adopters as innovators (2.5%), early adopters (13.5%), early majority 
(34%), late majority (34%) and laggards (16%).  The characteristics of each category 
of adopter include: innovators - venturesome, educated, multiple information 
sources; early adopters - social leaders, popular, educated; early majority - 
deliberate, many informal social contacts; late majority - sceptical, traditional, lower 
socio-economic status; and laggards - neighbours and friends are the main sources of 
information, fear of debt (Rogers, 1962).   
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Adoption of innovation has two influencing factors, the need for cognition 
and the need for change (Wood & Swait, 2002).  In a study in which Wood and 
Swait (2002) investigated consumer characteristics, the need for cognition and need 
for change, and the consumer’s capacity to change and handle innovation was found 
to affect an individual’s propensity to adopt new innovations versus the status quo.  
Their findings are consistent with a number of humanistic and socio-cultural theories 
such as Maslow’s Hierarchy of needs (Maslow, 1968) which classified lower level or 
deficiency (physical, security, friendship and love, and esteem) and higher level or 
self-actualisation needs, with the latter consisting of intellectual achievement, 
aesthetic appreciation, creativity and problem-solving.   
2.3.4.3 Motivation and learning 
Another aspect of motivation which was alluded to in Section 2.3.3, relates 
specifically to the strategies to learning that one employs when motivation exists.  
Ames and Archer (1988) found that, “When students perceived their class as 
emphasizing a mastery goal, they were more likely to report using effective learning 
strategies, prefer tasks that offer challenge, like their class more, and believe that 
effort and success covary”.  Biggs (1987) extended Entwistle’s (1979) information 
processing style inventory to add an achievement dimension to motivation and posits 
that both surface and deep learning profiles can combine with an achieving approach 
so that a student may aim to achieve top marks by using surface strategies such as 
memorising.  Another study of 1,266 Australian students showed that learning 
strategies are congruent with their motivation for learning and that such congruence 
is associated with higher average school grades (Watkins & Hattie, 1992). 
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Thus when needs are met, a person’s motivation increases towards further 
improvement or goals.  In addition to a learner’s innate abilities (eductive ability), 
goal setting can improve performance (critical thinking) because it allows one to 
focus on the task, encourages greater effort to perform, increases persistence, and 
promotes the development of new strategies (approach to learning and motivation) 
especially when previous ones have failed (Locke & Latham, 1990). 
2.4 Complex tasks and contextualisation 
Complex learning tasks refer to goal-oriented behaviours that require deep 
information processing to be exhibited such as the ability to transfer knowledge to 
problem domains, demonstration of higher levels of critical thinking (McKenzie & 
Murphy, 2000) and multi-tasking skills that require dual coding processes (Clark & 
Paivio, 1991; Paivio, 1971) to take place.  Although simple learning tasks can also 
be goal-oriented, these are activities that will elicit surface information processing 
such as simple retention of information, demonstration of a basic level of critical 
thinking (McKenzie & Murphy, 2000) and repetition or the regurgitation of 
information. 
The socio-constructivist theory is underlined by the notion of context when 
it comes to the design of learning tasks.  Vygotsky (1978) and his theory of 
constructivism presents culture, and therefore context, as the source of learning 
experiences.  In other words, the learning tools, symbols, artefacts and activities are 
relevant to the environment and situation of the learner.  Non-contextualised learning 
tasks refer to tasks that are based on general knowledge domains, are generic or 
trivial and are presented outside the designs of a contextualised environment or 
workplace user models and do not use context metaphors or relevant artefacts.  They 
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are not aligned with activity theory principles which is discussed later in Section 
2.5.1.  Contextualised learning tasks, on the other hand, refer to tasks that are 
performed within the context of the case groups’ course of study, relate to discipline-
based concepts, and may be presented within the designs of a contextualised 
environment and workplace models and use context metaphors or relevant artefacts 
and therefore, align with activity theory and principles. 
Context has been defined mainly in relation to location, setting and 
proximity of objects (Morse, Armstrong, & Dey, 2000).  However, these authors 
extend the definition to the user/learner perspective as context to be defined as the 
user's/learner’s physical, social, emotional or informational state which becomes 
more relevant in ubiquitous or mobile computing.  Specific to learning, context is an 
element of information processing that influences how a person performs by 
activating cognition through memory recall of familiar objects (Woolfolk, 2004) or 
information, the role of space, place, people and learner attributes.   
Learning tasks can also include technology-supported group responses to 
questions or exercises from the lecturer, distributed participation (see Figure 2.1 in 
Section 2.2) of students in group tasks while physically outside of the classroom 
such as when some group members may be at their workplace; and individual 
responses to learning exercises and group tasks.  For the purposes of this study, 
Laurillard’s (1979) view of the learning process is taken into account because it 
aligns with the socio-constructivist perspective undertaken in this study: 
…two important conclusions have emerged: (a) that students cannot be 
characterised in terms of a dichotomised description of learning; (b) this is 
because they are responsive to the environment and their approach to 
learning is determined by their interpretation of that environment. It would 
therefore be hazardous for an investigation of learning to proceed on the 
assumption that learning is a process that is independent of other external 
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factors, or that students possess inherent, invariant styles of learning. The 
findings imply that learning should be studied in the context in which it 
occurs, rather than in the laboratory, and one way of beginning this 
difficult task is, as I have suggested, to make use of students' awareness of 
what they are doing and why. (p. 408) 
2.5 Framing critical thinking, collaborative learning and technology  
The preceding sections have discussed critical thinking, collaborative 
learning, technology and the learner skill bases of eductive ability, learning 
approaches and technological self-efficacy as separate and as interrelated constructs 
as illustrated in Figure 2.3.  The interrelationship of each theoretical construct with 
other constructs is represented by the base diagram below the blue ring.  The arrows 
linking each circle (theoretical construct) describes the type or nature of the 
relationship between learner skill bases, collaboration, technology, goal-oriented 
tasks and critical thinking.   
 
Figure 2.3. Interrelated theoretical constructs. 
Some studies provide evidence that the development of critical thinking 
skills in students is facilitated through a sense of competence or self-efficacy in the 
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use of technology (Mistler-Jackson & Songer, 2000; Peters, 2006).  Other similar 
studies show, in general, a positive relationship between critical thinking (disposition 
and skills development) and deep learning (An & Yoo, 2008; Besoluk & Onder, 
2010; Colucciello, 1999; Facione & Facione, 1997; Gadzella, Ginther, & Bryant, 
1997; Gelven & Stewart, 2001; Stewart & Dempsey, 2001; Rimiene, 2002; Zhang, 
2003).   
However, few studies can be found that look at the holistic 
interrelationships that might exist between critical thinking and learner skills bases 
(i.e., eductive ability, technological self-efficacy, learning approach and motivation) 
in technology-enhanced and collaborative settings.  The holistic relationship that 
needed to be investigated is represented by the blue ring and therefore, Figure 2.3 
represents the initial or preliminary modelling of the various theoretical concepts that 
underpinned the development of the CoLeCTTE framework.  What research exists 
include that of Newman, Webb and Cochrane (1995) who found that computer 
conference discussions elicit significantly deeper critical thinking than face-to-face 
seminars; and the work of Garrison, Anderson and Walter (2001) who found that 
cognitive presence (i.e., critical, practical inquiry) can be created and supported in a 
computer conference environment with appropriate teaching and social presence.  
However, these studies were limited to computer conferencing systems and students 
were in a distributed environment (not co-located).  Although the empirical results in 
these studies provided quantitative assessment of group critical thinking, the role that 
individual skill bases (eductive ability, learning approaches and technological self-
efficacy) play in how a learner will perform critically has not been explored. 
Therefore, this study explored in-depth how critical thinking may be 
affected by technologies specifically chosen for the learning tasks, where students 
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worked in groups.  Furthermore, it explored the role played by individual skill bases 
(eductive ability, learning approaches and technological self-efficacy) in 
collaborative critical performance.  In other words, how technologically-enhanced 
environments might impact collaborative critical thinking performance, particularly 
amongst higher education learners.  
First, these constructs needed to be encapsulated within a structural or 
organisational framework that would position them to allow an effective pathway for 
investigating, designing and determining how learning and critical thinking are to 
take place.  However, before this framework could be defined, the principles that 
underpin a learning environment from which such pathways could be carved out 
were needed and proposed through the holistic vehicle of activity theory.  The 
principles of activity theory are defined in order to clarify its relationship with the 
constructs in this study (i.e., critical thinking, eductive ability, technological self-
efficacy, learning approach and motivation, technology and collaboration).   
2.5.1 Activity theory as an organising structure for the framework 
Activity theory evolved from the work of Vygotsky and his colleagues, A. 
N. Leont’ev and A. R. Luria (1978), who offer a conceptual framework for learning 
environments based on establishing a relationship between learning systems or 
objects in the environment and users or learners, also known as actors (Bannon, 
1991).  This relationship was established by means of mediating agents or cultural 
tools.  It is a “philosophical and cross-disciplinary framework for studying different 
forms of human praxis as developmental processes, both individual and social levels 
interlinked at the same time” (Kuutti, 1995, p. 7).  It is, therefore, an ideal 
framework for understanding activity systems and processes that are interconnected, 
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goal-oriented and which are characteristic of complex and collaborative learning 
tasks.   
Furthermore, activity theory posits that “conscious learning emerges from 
activity (performance), not as a precursor to it” (Jonassen & Rohrer-Murphy, 1999, 
p. 1).  In this light, activity theory provides us with another way of viewing human 
thinking within the performance of an activity.  In human-computer interaction, 
activity theory is used as a framework to describe the structure, development and 
context of tasks that are mediated by objects, signs, artefacts or tools such as a 
computerised system (Kuutti, 1995).  Clearly, the application of activity theory goes 
beyond the user interface interaction or learning system but is an association of all 
the above and, therefore, can be viewed as encapsulating the elemental components 
of technology-mediated activity processes; technology then becomes an enabler of 
learning.  Ratner (1996; 1997) contends that activity theory consists of goal-oriented 
tasks that need to be performed as part of the design of a learning activity or program 
and are, therefore, contextualised.  His work suggests that learners are actively 
engaging rather than being passive participants in technology-mediated and goal-
oriented activities or tasks.  Furthermore, in activity theory-based learning 
environments, the actors or learners are brought together as a collective unit through 
activity goals and objectives.  Within this interaction, contradictions and tensions 
shape developments in educational pursuits (Yamagata-Lynch, 2007).  So activity 
theory can be used as a way of explaining activities or as a methodology for studying 
activities of students in ICE (integrated collaborative environments).   
The unit of analysis for activity theory-based environments is the activity 
which consists of the subject or actor (individual or group), object or goal (products 
acted on with its attendant motivations), tools/instruments or methods/operations 
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(processes undertaken to reach the objective including microprocesses that make up 
the actions), community (sociocultural context), rules (implicit and explicit rules and 
norms of the community that constrain the activity), division of labour (horizontal 
and vertical roles and relationships within the community that affect task division) 
and outcome (transformation of the objects; the overall intention of the activity 
system) (Collis & Margaryan, 2004; Jonassen & Rohrer-Murphy, 1999; Nardi, 1996; 
Shanahan, 2009).  Modifications to the activity system model, or otherwise known as 
third generation models, were subsequently proposed by Backhurst (2009) and 
Yamagata-Lynch (2007), and which consisted of two or more interacting activity 
systems.  However for the purposes of this study, Kuuti’s (1995) diagrammatic 
structure showing the relationship of activity elements for a single system is shown 
in Figure 2.4. 
 
Figure 2.4. Basic structure of an activity (Kuutti, 1995). 
This systemic model — which is based on the conceptualization by 
Engeström (1987) contains three mutual relationships between subject, 
object and community (an activity is actually a systemic whole in the 
sense that all elements have a relationship to other elements, but all those 
connections have not been presented in the picture for the [sic] sake of 
clarity).  The relationship between subject and object is mediated by 
“tools”, the relationship between subject and community is mediated by 
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“rules” and the relationship between object and community is mediated by 
the “division of labour”.  These three classes should be understood rather 
broadly.  A “tool” can be anything which is used in the transformation 
process, including both material tools and tools for thinking; “rules” cover 
both explicit and implicit norms, conventions and social relations within a 
community; “division of labour” refers to the explicit and implicit 
organization of a community as related to the transformation process of the 
object into the outcome; each of the mediating terms is historically formed 
and open to further development (Kuutti, 1995, pp. 8-9). 
 
The constructs of critical thinking (outcome), collaborative learning groups 
(community) and complex and contextualised task/activity (object), technology (tool) 
and the learner skill bases of eductive ability, learning approaches and technological 
self-efficacy (subject) are organised and integrated over Kuuti’s (1995) model in 
order to see how these are related to the various elements of the activity system as 
shown in Figure 2.5.   
 
Figure 2.5. Instructional design process overlaying the activity system. 
Transformation  
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The instructional design process often used by instructional designers (e.g., 
computer and engineering course design) is based on the project management life 
cycle of analysis, define/design, develop, implement and evaluate (ADDIE), as 
discussed in Molenda (2003) and Godat and Atkin (2011), are overlaid in the model.  
Although Figure 2.5 offers an organisational schema, it does not provide a clear 
framework for operationalising and implementing the various elements of the 
activity system within teaching and learning practice.  Based on the foundational 
constructs of activity theory above, and going back to the intent of this study, that of 
determining deep learning and critical thinking behaviour for learners with differing 
skill bases (eductive ability, technological self-efficacy, approach to learning and 
motivation), a preliminary instructional design framework was proposed to guide 
activity design and the integration of technology within collaborative environments 
for this study. 
2.5.2 Proposed framework 
The elements of the activity system discussed above were used to organise 
the theoretical constructs of collaborative goal-oriented tasks, learners with different 
skills bases, and technology into theoretical framework.  This framework was 
focused on establishing an environment that would support critical thinking 
performance.  This schematic composite is depicted below and referred to in this 
study as the CoLeCTTE (Collaborative Learning and Critical Thinking in 
Technology-enhanced Environments)  framework as shown in Figure 2.6.  To assist 
reading, various elements and processes in the diagram are referred to by the 
coloured/dashed text borders in the discussion below.  Relevant sections of the 
literature review are also referred to in the discussion of the framework below. 
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The CoLeCTTE framework consists of two areas of performance by the 
teacher and learners, the actors in the activity system: teacher and learner-to-learner.  
The teacher performance area  begins with defining, designing and developing 
activities for learning groups to perform complex and critical thinking tasks.  Tools 
and technology required by the activity are selected and appropriate training, if 
needed, is provided.  The group activity is then initiated by the teacher and it is at 
this point that it overlaps with the learner-to-learner performance area.  The learner-
to-learner performance area  consists of the group spaces where the critical inquiry 
process take place through activation, performance and goal/objective achievement.  
There are a number of processes within these areas, namely: define, design and 
develop, activate and initiate, task performance, delivery of outcomes, and 
evaluation.   
 
Figure 2.6. Proposed CoLeCTTE framework. 
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The define, design and develop process  is initiated by the teacher by 
defining the objectives and targeted outcomes of the activity, and designing and 
developing the collaborative activity and learning tasks that will support critical 
thinking behaviour.  This process is guided by the principles underlying the design of 
complex, contextualised and collaborative activities set within technology 
environments as discussed in Sections 2.2 and 2.4.  The first part of the activate and  
initiate process  involves presentation of objectives and targeted outcomes of the 
learning task and outlining the tasks, rules and requirements of the task in line with 
the principles of activity theory discussed in Section 2.5.1.  The second part of the 
activate and initiate process begins to involve the learners, recognising that they have 
different eductive abilities, technological self-efficacy, motivation and learning 
approaches as discussed in Section 2.3.  The process begins with self-reflection 
where learners reference back to what they know themselves during the process of 
goal and/or problem identification (self-referencing).  The members’ existing 
knowledge becomes a function of identification and clarification of the problem or 
goal to be achieved through declarative reflection.  Learners agree on what is to be 
achieved.   
Task performance process  is underlined by eliciting critical thinking 
through performance of collaborative activities and set within technology 
environments as discussed in Sections 2.3.1, 2.2 and 2.4.  Tasks and sub-tasks are 
authentic, complex, problem-based and goal-oriented.  Once the problem or goal has 
been identified, and members of the group have a point of self and group reference to 
the problem at hand, an internal group process takes place where members perform 
individual and group tasks within pre-defined scope and limitations.  These process 
   
CHAPTER 2 Literature Review and Research Problem 54 
can be monitored by a human agent (i.e., group leader or moderator) who may be 
responsible for collating group input or contributions.  Garrison and colleagues 
(Garrison, Anderson, & Archer, 2001) proposed a process of critical thinking or 
inquiry which begins with triggering of the event (identification of the problem), 
exploration (of ideas), integration (construction of meaning) and ends with 
resolution (implementation of the solution).  However, when taken within the 
context of constructivism, their process lacks a point of self-referencing where 
learners begin from their own mental models and knowledge as a starting point for 
meta-knowing and metacognition.  This discovery process allows learners to 
construct and deconstruct what they already know in the process of working on a 
goal-oriented task (Bruner, 1966).  It becomes essential for learners to create and 
recreate their own schemas as they work with complex and authentic learning tasks, 
and with ill-structured problems (Woolfolk, 2004).  When learners begin to discuss 
and agree on what is to be learned during the activate and initiate process, self-
referenced mental modelling extends to social construction in the group during task 
performance and delivery, so the cognitive and activity processes begin to interact as 
shown in Figure 2.7.   
In the process of co-construction, there is minimal intervention on the part 
of the teacher, allowing students within the group to become actively engaged in 
deriving their own solutions to the problems or actions to achieve the goal (learner-
centred) (Slavin, 2006).  Interaction and feedback within the group (group 
monitoring) serve to guide and direct contributions or performance such as group 
discourse on their progress or even system feedback in the form of tokens or 
rewards, if these exist.  The process of interaction and feedback hones performance 
of skills through practice and performance of the critical thinking task.  This includes 
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self-regulation to allow for correction, and self-re-evaluation on the way to goal 
completion or continual performance of tasks (goal completion).   
 
Figure 2.7. Self-referencing and social construction in groups within the CoLeCTTE 
framework. 
The delivery of outcomes process  in the activity system involves 
presentation of the product or learning artefact arising from the activity by the group.  
Presentation can take the form of a formal presentation, inviting critiques and 
feedback from a wider audience or other strategies that will invite further critical 
discourse to be elicited.  The process is completed by evaluation  of the activity 
against the objectives and targeted outcomes of the task. 
In the CoLeCTTE framework, technology serves as an enabler of the above 
processes.  The affordances that the technology provide needs to be considered 
during the activity design process in terms of what is appropriate for the tasks to be 
performed.  Technology should be positioned to facilitate the performance of 
authentic and complex tasks, especially if these are aimed at developing deep 
learning and critical thinking skills.  The tools or technologies serve as the technical 
mediating agents in the performance of critical thinking tasks.  Individual and group 
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tasks and sub-tasks are defined by the requirements and criteria in the group activity 
to achieve the overall group goal.   
2.6 Research questions arising from the proposed CoLeCTTE framework 
At this point, the CoLeCTTE framework has organised a number of 
constructs and issues: the nature of learners, technologies to support learning, and the 
influences that these have on facilitating the acquisition of the key attributes of 
critical thinking and deep learning.  Learning strategies, techniques and tools such as 
interpersonal and intrapersonal dialogues, student presentations, student surveys, 
group work or project and peer assessment, encourage collaboration and peer 
support, while computer-based support or groupware help facilitate these (Gokhale, 
1995; Hudson; Duffy, Duebler, & Hawley, 1998; Nussbaum, et al., 2009; Renzi & 
Klobas, 2000; Tan, Turgeon, & Jonassen, 2001).  In particular, Wang and Wu (2008) 
noted that high self-efficacy students applied more high-level learning strategies 
(elaborative strategy and critical thinking) in web-based environments.  Although 
these studies show how collaborative learning and technologies support or enhance 
the process of critical thinking and deep learning, and indeed offer guidelines by 
which this can be achieved, limited evidence is available on the interactive 
influences of learner skill bases (eductive ability, technological self-efficacy, 
approaches to learning and motivation) on the nature of critical thinking behaviour 
and learning within this environment.  The CoLeCTTE framework offers this 
integration but within the context of this environment issues arise such as the 
strategies that should be employed to facilitate deep learning and critical thinking, 
the level at which learners able to engage and think critically when technology is 
integrated into learning tasks, and the degree of influence of technological self-
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efficacy, learning approach and cognitive capabilities on how learners behave in 
technology-enhanced environments. 
There is also the question of how effective learning can be acquired in 
classes where there is “an increasingly heterogeneous student population with 
different commitment levels, attitudes and work patterns" (Howells & Piggott, 1992) 
and the associated workload issues (Ward & Jenkins, 1992).  Furthermore, the 
implementation of communication technology infrastructures as discussed in  
Chapter 1, are largely driven by policy, in addition to the social and economic 
drivers that lend themselves to standardised technology integration in the teaching 
and learning arena.  This means that learning and teaching designs are most likely to 
be implemented across different learner cohorts with limited, if any, design 
considerations for learners regardless of their capabilities or level of skill in using 
learning technologies or whose learning approach may not complement learning 
through mobile devices.  Expectations of performance skills for communication and 
data exchange are generalised across student cohorts that imply equity and access 
issues.   
The study aimed to determine if the CoLeCTTE framework was inclusive 
or effective for students of varying capabilities or if differences in performance will 
be reduced despite varying capabilities.  In particular, the study derived instructional 
design guidelines for technology integration and activity design from the theoretical 
framework to enhance deep learning, critical interaction and engagement.  Following 
on from the overarching aim and issues described previously, investigation was 
performed through the three cases which served as tools to evaluate, test and refine 
the ColeCTTE framework.  The proposed CoLeCTTE framework was used in Cases 
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1 and 2 of this research to acquire preliminary data and then finalised in Case 3 using 
the research questions outlined below: 
2.6.1 The research questions 
To evaluate, test and refine the ColeCTTE framework, the following 
questions were explored using three cases: 
Case 1, 2 and 3 
1. Do learner skill bases (learning approach and eductive ability) influence 
critical thinking within the proposed CoLeCTTE framework? If so, how? 
2. Do learning technologies influence the acquisition of deep learning and 
critical thinking within the proposed CoLeCTTE framework? If so, how? 
Cases 2 and 3 
3. How might learning be designed to facilitate the acquisition of deep 
learning and critical thinking within a technology-enabled collaborative 
environment? 
2.6.2 The proposition 
In investigating the answers to the research problems stated above, the 
study offered the following propositions: 
1. Within the CoLeCTTE framework, the level of technological self-
efficacy, differences in eductive ability, approach to learning and 
motivation may influence students’ learning and critical thinking within 
contextualised and goal-oriented tasks. 
2. The integration of learning technologies may influence deep learning 
and critical thinking within the proposed CoLeCTTE framework. 
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3. The CoLeCTTE framework may be used to design individual and 
collaborative/group-based activities to support students’ deep learning 
and critical thinking within contextualised and goal-oriented tasks. 
The study also proposed the following secondary proposition (hypothesis) 
in relation to deep learning and application of critical thinking using the proposed 
CoLeCTTE framework: 
4. No relationship exists between deep learning and critical thinking with 
level of technological self-efficacy, eductive ability, learning approach 
and motivation. 
2.7 Summary of anticipated outcomes 
The discussion has so far presented a profile of the generation of learners 
entering our classrooms as technologically savvy, who carry multiple technology 
communication devices and like to work in collaborative ways.  Literature has 
shown that market domination and industry penetration into educational institutions 
will drive the development of infrastructures and programs that integrate 
technologies in the classroom.  Technologies are characterised by affordances that 
can enrich the learning experience in the classroom and support distributed student 
groups and become tools for convenience, control, and communication.  Learning 
approach and motivation, technological self-efficacy and eductive ability are 
functions of deep learning and critical thinking performance, and in this study, are 
taken from the holistic, socio-constructivist perspectives of learning.  
This study attempted to explore the research questions above within the 
CoLeCTTE framework to support deep learning and critical thinking processes in 
technology-enhanced, collaborative and contextualised learning environments.  
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Through systematic and structured investigation, data analysis anticipated the 
following research outcomes in relation to testing and refining the CoLeCTTE 
framework: 
1. An in-depth description of the nature of critical thinking and deep 
learning across learners with different skills bases, and using a 
naturalistic research approach, that is, no treatment was applied to 
differentiate case groups within the same class. 
2. A documentation of the limitations and constraints that technology 
places on the learning process, particularly in the area of deep learning 
and critical thinking within the CoLeCTTE environment. 
3. Evidence that establishes the effectiveness of the CoLeCTTE 
framework for supporting deep learning and critical thinking processes 
of learners with different skill bases. 
4. A theoretical framework for purposeful and judicious use of learning 
technologies in collaborative group work to facilitate deep learning and 
critical thinking behaviour. 
The data to be analysed to achieve these research outcomes came from the 
measurement tools, surveys, questionnaires, semi-structured interviews and video 
transactions of group work as described in Chapter 3. 
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CHAPTER 3. Research Method and Design 
3.1 Overview of chapter 
The overall aim of this study was to develop a framework (i.e., CoLeCTTE) 
that will guide the purposeful and judicious use of learning technologies, and 
specifically to identify the constraints and affordances that facilitate deep learning 
and critical thinking (CT) in collaborative and technology-enhanced learning 
environments.  A proposed model was developed based on literature and this was 
implemented through three cases (Caracelli & Greene, 1997; 2008) at the individual 
and group levels.  Through these three cases, the relational effects and influences of 
eductive ability, technological self-efficacy, approaches to learning and motivation; 
and learning technologies on learning and critical thinking behaviour were 
investigated.  This chapter, therefore, discusses the rationale for using the mixed 
methods research design applied at the case level (Section 3.2), discusses the 
rationale for whole-of-study approach and research intervention design used in this 
study (Section 3.3), presents detailed descriptions of the data sources and the basis 
for using these (Section 3.5), outlines the overall research procedure (Section 3.6), 
and describes the quality monitoring and ethical clearance procedure used (Section 
3.7). 
3.2 Rationale for use of mixed methods research design (case level) 
The proposed CoLeCTTE framework is underpinned by the interlacing and 
interacting socio-cognitivistic (collaboration, critical thinking, learning approaches, 
and eductive ability), environmental (technology), emotional and value-laden 
(motivation and technological self-efficacy) constructs as discussed in Chapter 2.  To 
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rigorously explore these interactions, the design of this study drew on mixed method 
approaches influenced by both positivist and post-positivist epistemologies based on 
the views of Yin as described by Steenhuis and de Bruijn (2006).  This chapter 
explains the theoretical constructs that the positivist and post-positivist perspectives 
provide and the lens through which the investigations in this study was conducted.   
Positivism works from the assumption of subject selection as guided by 
generalisability to a universe or population.  Generalisability to a universe or 
population is used as the basis for determining validity and reliability of the variables 
to be explored and measured.  Shavelson and Towne (2002, p. 68) characterised 
positivism as having objective measurability and the capacity to estimate “magnitude 
of error that must be made in order to signal the level of certainty with which 
conclusions have been drawn”.  The starting baseline for this study was quantitative 
data to the extent that psychometric measures of eductive ability and cognitive 
learning styles and motivation, and their comparisons to general norms were 
conducted. 
However, the reductionist processes set out by ensuring comparability of 
sample groups may altogether ignore phenomena that can be derived from 
unrestricted and less controlled environments.  Also, Newell (1990) contends that 
empirically-driven results often force investigators to limit the findings of study to a 
sub-unit of a whole, in what he calls “microtheories”.  This reductionist approach has 
been criticised because it has often been leveraged at psychological research and in 
the earlier versions of human-computer interaction research.  The critics argued for a 
more holistic and socialistic approach to the study of human cognition and learning, 
seeking more unified theories that can deal with more complex real-life activities 
(Creswell, 2009; Kieras & Meyer, 1997; Newell, 1990; Noor, 2008).  However, 
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these attempts were behaviourally focused and relied largely on non-normative 
psycho-sensori-motor determinants as indicators of change.  These research genres 
did not answer socio-cognitivistic, emotional or value-laden influences in learning 
and the way students process information.   
Post-positivism, on the other hand, is a paradigm that is generally defined 
by a recognition of the delimitations or boundaries of investigations that are 
objective and dissociated from the researcher’s biases and values to determine 
meaning and “establishing a definitive cause-and-effect relationship with social 
phenomenon” (Mertens, 1998, p. 124).  Post-positivism emphasises “multiplicity and 
complexity as hallmarks of humanity.  Post-positivist approaches are interpretive and 
this has led to an emphasis on meaning, seeing the person, experience and 
knowledge” (Ryan, 2006, p. 16).   
An approach that allowed the researcher to explore in-depth the variables 
mentioned above is the use of a case study method.  Given the limitations of time 
and participants in the study, and to take advantage of the rich insights that can be 
gained from a socio-cognitivistic, emotional or value-laden investigation, a case 
study approach to this research was deemed to be appropriate.  When one considers 
the notion of critical thinking as a function of expert discourse (Facione P., 1990), 
“contextual knowledge and experience… lie at the center of the case study as a 
research and teaching method or to put it more generally still, as a method of 
learning” (Fkyvberg, 2006, p. 222).  Particularly relevant in this research is a 
reference to Yin’s (2008, p. 18) second technical definition of case study inquiry 
presented below: 
… because phenomenon and context are not always distinguishable in 
real-life situations, a whole set of other technical characteristics, including 
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data collection and data analysis strategies, now become the second part of 
our technical definition: 
The case study inquiry 
 copes with the technically distinctive situation in which there will be 
many more variable of interest than data points, as one result 
 relies on multiple sources of evidence, with data needing to converge in 
a triangulating fashion, and as another result 
 benefits from the prior development of theoretical propositions to guide 
data collection and analysis. 
 
The premise described so far is seen to lend itself to using a mixed method 
approach which offers the benefits of enhanced validity by combining quantitative 
measures with meaning provided by qualitative investigation (Onwuegbuzie & 
Teddlie, 2003).  Mixed methods research is not restricted by the epistemology of the 
research design but rather, the use of both quantitative and qualitative research 
methods liberates the analysis from this restriction and therefore, enhances 
representation and legitimation of the results of analyses.  More insights into the 
phenomenon under investigation can be gained by combining elements of both 
methodologies such as closeness and contextualised understanding of local meanings 
(Caracelli & Greene, 1997).  According to Caracelli and Green (1997), the elements 
of validity and reliability are present and can complement each other in both 
methodologies through complementary data analyses and triangulation.  
Onwuegbuzie (2003) provides a framework that uses the process of data reduction, 
display, transformation, correlation, consolidation, comparison and integration.  
These processes can be applied to case study research that is supported by 
descriptive and content analysis techniques.  More specifically for this study, 
triangulation and interpretation was applied at two levels: at the level of Cases 1, 2 
and 3; and at the whole-of-study level.   
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At the level of Cases 1, 2 and 3, descriptive analysis and content analysis 
were used.  Descriptive analysis of individual and group case samples (three 
within-class groups) (Caracelli & Greene, 1997) to determine differences in critical 
thinking were based: on learner perceptions of their technological self-efficacy, level 
of eductive ability, and learning approach and motivation.  The relationship between 
critical thinking performance with level of eductive ability, and learning approach 
and motivation during performance of authentic learning tasks was determined with 
information derived from participant interviews and video observations within 
groups (the latter was not done for the Case 1).  It should be noted that numerical 
data were provided only to profile the cases and help define the boundaries of the 
cases.  There was no intention to draw statistical inferences or comparisons based on 
numerical data but rather, the numerical data served a qualitative function.   
The study used a cross-over mixed analysis which is characterised as “an 
analysis technique more associated with one traditional paradigm (e.g. quantitative) 
to analyse data that originally represented the type of data collected associated with 
the other traditional paradigm (e.g. qualitative)” (Onwuegbuzie, 2009, p. 118).  This 
is demonstrated in the coding of critical thinking statements done for all three case 
groups (see Section 3.5.2).  A sequential explanatory strategy at the level of each 
case group was used, where qualitative data are used to explain quantitative data, 
followed by triangulation occurring at the interpretation stage of the analysis 
(Creswell, 2003; 2009; Creswell, Plano, Guttmann, & Hanson, 2010).  The 
presentation of data and analysis conducted in Chapters 4, 5 and 6 used activity as a 
framework for analysis which included descriptions of the: case context or purpose 
to which learners in Cases 1, 2 and 3 directed their activity; conceptual models, tools 
and equipment used; and the rules that govern how the students performed the 
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activity, as adapted from Crawford and Hasan (2006). These are presented according 
to the processes of the CoLeCTTE framework (see Section 2.5.2).  Profile analysis 
of group and individual learners, followed by findings and analysis related to the 
research questions, were also completed. 
So far, the rationale for using mixed method approach at the case level has 
been discussed.  The next section will discuss the approach and rationale at the 
whole-of-study level. 
3.3 Rationale for whole-of-study approach and research intervention 
design 
Throughout this section, Figure 3.1 should guide the reader during 
discussion of the rationale for whole-of-study approach and research intervention 
design used in this study.   
3.3.1 Rationale for the whole-of-study approach 
As previously discussed, a mixed method, and sequential explanatory 
strategy approach was used to determine how case level data findings would be 
treated in this study.  At the whole-of-study level, the prospective cumulative 
approach of using multiple case studies (  ) as described by Mann (2006) was 
used.  Cumulative case studies rely on an aggregation of data from different cases at 
different times, and data are drawn from using comparable techniques (  ).  It is 
the use of comparable techniques which shapes the cumulative element of this 
approach.  In this study, a prospective cumulation was necessary because the 
researcher wanted to draw insights from the conduct of the similar tests across the 
three cases.   
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Figure 3.1. Research intervention design. 
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For this reason, this study used the progressive case study approach 
espoused by Steenhuis and de Bruijn (2006).  The progressive case study approach 
poses subsequent cases as having two purposes: further development of concepts and 
new insights, and replication (Yin, 2008) of earlier findings.  Therefore, the 
development of concepts or theories takes on a “progressive or ladder-like” process, 
terms that will be used synonymously in this thesis. 
As the study progressed from one case to the next, the researcher observed 
any replication of results in order to arrive at reliable findings that could inform the 
succeeding cases (Yin, 2008).  According to Yin, direct and theoretical replication, 
which are based on a rich theoretical framework, becomes the basis for new cases.  
The use of replication logic was justified because similar or consistent findings could 
be predicted (Yin, 2008).  Predictability was considered valid in this study since 
critical thinking behaviours of Cases 1 (one group) and 2 (two groups) were 
determined within the same proposed CoLeCTTE framework while the revised 
framework was used for Case 3 (one group) to determine if any further replications 
occurred. 
3.3.2 Research intervention design  
The CoLeCTTE framework was used to guide the development of the 
learning environment in this study.  Adapted from the activity theory model (see 
Section 2.5), CoLeCTTE presents the areas of the model where critical thinking and 
reflective processes take place during group work tasks as they are performed within 
an activity-based authentic learning environment.  In addition, technology is used to 
enable collaboration during group work. 
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Case groups and participants were selected via participant selection and 
who performed collaborative tasks were working within a technology-enhanced 
environment (see of Figure 3.1).  Case 1 was an undergraduate group, and Cases 
2 and 3 drew participants from a postgraduate cohort based on the findings and 
questions derived from Case 1.  Psychometric test measures and questionnaires 
comprised the quantitative data in this study to derive a profile of participants in 
terms of their eductive ability, demographical data, technological self-efficacy, 
learning approach and motivation, and critical thinking measures during group work 
(see  of Figure 3.1).  
Semi-structured interviews were conducted for the qualitative investigation 
in this study to determine what van Manen (1990) calls “the essence of lived 
experience” and to investigate participant experiences in the use of collaborative and 
learning technologies during group work.  Only Cases 2 and 3 participants were 
interviewed (following findings from Case 1) to determine participant perceptions, 
specifically in gauging their own performance on critical thinking tasks, the 
influence of learning and collaborative technologies, and approaches to their study 
and learning.  The interviews were aimed at exploring the impact of technological 
self-efficacy, and the influence of learning and collaborative technologies on their 
study and learning behaviour in relation to critical thinking activities and tasks.  This 
part of the research allowed further investigation into cause and effect especially 
from outliers in the group. 
Finally, triangulation of quantitative data (measures of eductive ability, 
critical thinking, cognitive learning style and motivation, and critical thinking) and 
qualitative data (interviews and observations) were used to determine relationships 
amongst variables and concurrence or non-concurrence across findings.  Overall, the 
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conduct of the research study involved seven important steps to ensure the validity 
and reliability of results:   
1. Selection of participants from: 
a) Class 1: Core Project Implementation (Case 1 group); 
b) Class 2: Industrial Electrical Power Distribution (Case 2 group); 
c) Class 3: Applied Thermodynamics (Case 3 group); and 
2. Task analysis and design of critical thinking tasks within the learning 
context of the subjects using the CoLeCTTE framework; 
3. Measurement of learner skills and profiling of case groups and 
participants based on eductive ability, demographic data, technological 
self-efficacy, and cognitive learning style and motivation;  
4. Performance measurement of critical thinking behaviour during group 
tasks; 
5. Semi-structured interview of participants (Cases 2 and 3 only). 
6. Inter-rater reliability testing; and 
7. Interpretation, and statistical and case analysis of both qualitative and 
quantitative data. 
Steps 1, 2 and 6 are further explained below while 3, 4, 5 and 7 are dealt 
with in Chapters 4, 5 and 6, respective to the three cases under investigation in this 
research. 
3.3.2.1 Participant and activity design criteria 
Referring back to Figure 3.1, participants were selected from undergraduate 
(aged 18 – 25) and postgraduate (aged 21 – 40) student cohorts with a selection 
frame defined as students coming from single degree programs (  ).  They were 
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included based on High School or undergraduate approved qualifications and no 
international students were included in the study.  These criteria were used to 
purposefully select student participants who were homogenous with respect to age, 
belonged to the same class, social, environmental and study load factors.  To guide 
the purposeful selection of participants, university pivot tables (Bibby & Fuller, 
2005) from which the participants were selected indicate a total of 2,348 students 
that fell into these criteria.  Although stratification and clustering of the population 
meant a total target population N of 331 from which participant selection could be 
derived, it is important to note that representative sampling from a true N cannot be 
calculated “nor would we gain any analytic leverage by so doing” (Gerring, 2007).  
The selection of cases was justified according to the principles for case study 
selection outlined by Gerring (2007), where the participant criteria represented the 
variables which were typical of the “other cases” or the broader population to be 
targeted.  Case groups or classes in this study were sampled from a different 
population (different technology subjects) and are unique within their own context, 
thereby providing internal validity because of their non-comparability, and therefore, 
are qualitatively different.   
Overall, class groups were selected purposively to represent the generation 
of students that are technologically savvy, therefore, minimising technological 
proficiency as a factor of bias.  This approach allowed other causal factors to be 
highlighted in the analysis.  It was presumed that students from the same discipline 
and class would have similar prior knowledge bases and come from the generation 
which Oblinger and Oblinger (2003; 2005) defined as Millennials or the Net 
Generation, whose characteristics offer distinct differences to Generation X and 
Baby Boomers who are from previous generations.  It was anticipated that there 
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could be a high level of interest amongst these students to using collaborative 
technologies to complete learning tasks or activities in this study; namely Vyew, 
Teamspot, Tablet PC and EDSA Power Analytics modelling tool (EDSA) (see  
of Figure 3.1).  The study investigated the learning experiences of participant 
volunteers who belonged to one of the three case groups investigated in this study.  
These cases are briefly described and more detailed descriptions will be provided in 
Chapters 4, 5 and 6. 
In the activity part of the schematic diagram (see  of Figure 3.1),  Case 
1 is comprised of undergraduate students selected from the course Core Project 
Implementation.  These students worked in teams to develop a business plan and 
implement the proposal outlined in the business plan.  Case 2 comprised students 
from the course Industrial Electrical Power Distribution.  These students worked in 
teams to create an accurate working model of an industrial power system that 
illustrated all the significant aspects of a typical power distribution system.  Case 3 
comprised postgraduate students from an Applied Thermodynamics course within a 
Masters of Engineering (Power Generation) program.  These students worked in 
teams to develop a thermal efficiency project and produce a Justification Report for 
presentation to a mock board.   
Finally, the CoLeCTTE framework provided for the integration of 
participants, activities and technology.  Participant and technology interaction were 
organised in accordance with the principles of activity theory (Ratner, 1996; Ratner, 
1997; Vygotsky, 1978).  Learning activities were capstone activities, contextualised 
and authentic, and critical thinking analysed based on participants demonstrating 
behavioural and cognitive manifestations of critical thinking during the activities.  In 
developing these tasks, the following initial principles were applied: (a) the need for 
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students to interact with a problem set by the lecturer; (b) the need for students to 
identify resources and information of relevance which might be available and shared 
electronically; (c) the need for students to engage in critical discourse and perform 
higher order skills; (d) students collaboratively synthesised a position or response in 
relation to the lecturer’s challenge; and (e) responses and ideas were shared 
electronically (Barnes, 1979, January; Kurfiss, 1988; Marzano & Others, 1988).   
Internal validity in this study was maintained by using a naturalistic 
approach and centring activity design towards facilitating deep learning and critical 
thinking.  Cases 1 and 2 were not provided with direct instructions on how to behave 
critically.  Rather, learning tasks were complex, case-based and problem-based 
which were considered to be authentic to the specific disciplines of participants in 
the study.  As such, they were ill-defined and/or ill-structured so students had to 
define the tasks and sub-tasks needed to complete the activity which, therefore, 
educed the critical thinking behaviours (Bennett, Harper, & Hedberg, 2001; 
Herrington, Oliver, & Reeves, 2003).  Hong (1998, pp. 3-4) describes ill-defined 
problems as not having a clear solution strategy but may allow single correct 
answers about which qualified experts would agree, while ill-structured problems 
have various solutions and solution paths so that experts in the domain do not agree 
on a particular solution.  So these types of problems educe critical thinking 
behaviours which are characterised as: defining, describing the critical issues or 
problems, determining accuracy and relevance of the information, identifying 
alternative ways of looking at problems and solutions by considering possibilities, 
making inferences, determining similarities and differences between issues, 
justifying and evaluating the merits or demerits of an assertion or belief and 
identifying causes of an event.   
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In addition, Cases 1 and 2 were not instructed on how to collaborate or 
share their learning artefacts.  Dillenbourg (2002) posits that supporting 
collaborative effort too much (specifically, scripting collaboration) raises the risks of 
damaging collaboration by destroying natural interactions, disturbing natural 
problem solving processes, increasing cognitive load, ‘didactising’ interactions, and 
interfering with goal setting.  To this end, the term implicit intervention for 
extracting critical thinking behaviour is introduced as a non-prescriptive instructional 
approach from which learner performance could be derived.  This type of 
intervention approach allowed the researcher to observe critical thinking behaviour 
that arose as a result of technology integration and learner skill bases in the activity.  
Case 3, however, drew on feedback from Cases 1 and 2 to determine the necessary 
degree of intervention and changes to the CoLeCTTE framework.  Clear and step-
wise explicit intervention (provision of explicit and prescriptive instructional 
guidance or scripts for performance of learning skills and tasks) were integrated into 
the design of the learning tasks for Case 3 to draw out critical thinking behaviour. 
To ensure that the implementation of CoLeCTTE could be conducted in 
each of the cases, the instructional design principles underlying the CoLeCTTE 
framework were negotiated and an agreement reached between the researcher and 
course facilitators (i.e., lecturers, tutors or course coordinators).  When no alignment 
could be reached between applying the principles of CoLeCTTE and course design, 
the research was not pursued.  A total of four courses were considered for inclusion 
in this study.  Only one subject called Project Delivery could not be included since 
the Course Facilitator felt that the approach to be used in the study would be in 
conflict with the objectives of the course.  The researcher worked with each of the 
course facilitators to design their courses (from which Cases 1, 2 and 3 were derived) 
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which are discussed in Chapters 4, 5 and 6.  In particular, Sections 4.2, 5.2 and 6.2 
discuss how the design of course and activities in Cases 1, 2 and 3, respectively, 
aligns with the CoLeCTTE framework. 
3.4 Assumptions 
The assumption that the quantitative instruments used in this study measure 
what they purport to measure is based on the reliability assessments performed by 
other researchers which are discussed in Section 3.5 Description of data sources.  
The conduct of this study was predicated on the following assumptions: 
1. Homogeneity of students was presumed because participants that 
belonged to each class would belong to the same rank order of 
achievement in high school senior subjects as required for enrolment in 
the same discipline. 
2. Measurements of eductive ability or Spearman’s g can be determined by 
measurements on the Raven’s APM Sets I and II (Raven, Raven, & 
Court, Advanced progressive matrices, 1998). 
3. User profile in terms of level of technological self-efficacy can be 
determined by a questionnaire adapted from the one used by (Mistler-
Jackson & Songer, 2000). 
4. Cognitive learning style and motivation can be determined by the 
instrument called Study Process Questionnaire (Biggs, 1987). 
5. The quantitative measures between different variables in the study can 
be determined by descriptive analysis and content analysis. 
6. Interview techniques and survey forms can be used to gain insights into 
the experience of case subjects selected in this study. 
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7. Triangulation of quantitative and qualitative data would provide insights 
related to the propositions of this study. 
3.5 Description of data sources 
This section addresses sources of data and how these data were analysed.  
Both quantitative data and qualitative data were collected and the procedures for 
collecting these data are discussed in the following sections.  The data used in the 
analysis were derived from tests and surveys that provided indicators of eductive 
ability, learning approach and motivation and technological self-efficacy.  
Furthermore, qualitative data including observations, and semi-structured interviews 
with participants were also collected.  Appendix C shows the list of data sources and 
the related theoretical bases. 
3.5.1 Quantitative data 
This section describes the instruments used to gather the quantitative data 
used in this study. 
3.5.1.1 Raven’s Advanced Progressive Matrices (APM) 
Measures of eductive ability, or otherwise known as Spearman g, lends 
support in answering Research Questions 1, 2 and 3 in Chapter 2 in terms of how 
deep learning and critical thinking may vary amongst learners with different levels of 
eductive ability within the CoLeCTTE framework.   
Eductive ability, which was defined previously as a general measure of a 
person’s aptitude  for complex problem solving was measured using Raven’s 
Advanced Progressive Matrices (APM) Sets I and II.  It is used as a “well-validated 
measure of basic cognitive functioning) and used for different cultural, ethnic, and 
socio-economic groups on a worldwide and within country basis” (Raven, 2000).  
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APM requires persistence, logic and attention to detail and has been proven to test 
such things as success at computer programming and spreads the scores of the top 
20% of the population (Raven, Raven, & Court, Advanced progressive matrices, 
1998).  As mentioned in Chapter 2, Raven continues to point out that measures of 
eductive ability is not a measure of intelligence, rather it measures the potential or 
aptitude to perform well in complex tasks.  It is an individual measure of mental 
ability for analysing and solving problems, abstract reasoning, and their learning 
potential.  It is a non-verbal measure which reduces any form of cultural bias.  Based 
on this, the premise is that students with low eductive ability may or may not 
perform well with problem-based learning tasks and activities that require complex 
critical thinking compared to students with higher eductive abilities, especially when 
they have to do multi-tasking such as using technology in context.  So technology 
may or may not play a delimiting or facilitating role in the learning process.   
Participants from each of the case groups were asked to complete APM Set 
I as a practice set and then APM Set II as the data set.  The APM test was used in 
this study because of the professional licensing requirements to conduct the Watson-
Glaser Test, and as discussed in Section 2.3.2, these two tests are significantly 
correlated.  An alternative to Raven’s APM eductive ability test is to measure 
performance aptitude using the Wechsler Adult Intelligence Scale (House, 1996).  
The verbal IQ and performance IQ components of the WAIS-R have significant 
correlations with APM at .42 and .55, respectively.  However, WAIS-R requires a 
trained psychologist to conduct the test and the researcher did not meet that criterion.   
Individual raw scores of eductive ability in this study were converted into 
percentile scores based on the late 80s Australian normative values (1998a, p. 
APM96) and classified according to Raven, Raven and Court’s (1998a, p. APM72) 
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definitions.  A summary of these classifications is provided in Appendix D.  
Interpretations of APM results are further discussed in the analysis Chapters 4, 5 and 
6.  Identifying low or high eductive abilities amongst the participants assisted with 
analysis of outliers.   
3.5.1.2 Online Technologies Self-efficacy Scale (OTSES) 
The Online Technologies Self-efficacy Scale (OTSES) questionnaire 
developed by Miltiadou and Yu (1999) was used unchanged in this study to 
determine technological self-efficacy, with questions added to acquire demographic 
information from the participants (see Appendix E).  It measures self-efficacy with 
four technology types: Internet; Synchronous (i.e., chatting "live" via a synchronous 
chat system such as CourseInfo, First Class, NetMeeting, or IRC); Asynchronous I 
(i.e., using an e-mail system such as Pine, Netscape Mail, or Outlook; and 
Asynchronous II (i.e., posting a message to a newsgroup, a bulletin board, or on the 
discussion board of a conferencing system such as CourseInfo, FirstClass, etc. where 
participants are not online at the same time).  Miltiadou and Yu (1999) reported that 
content validity, construct validity, and reliability were established through factor 
analysis and correlational analysis and revealed that all items could be collapsed into 
one scale with a Cronbach coefficient alpha (measure of internal consistency or 
reliability) for the whole instrument at 0.95. This questionnaire lends support in 
answering Research Questions 2 and 3 in Chapter 1 in terms of how deep learning 
and critical thinking may be affected by a learner’s perception of their self-efficacy 
within the CoLeCTTE framework. 
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3.5.1.3 Study Process Questionnaire (SPQ) 
The Study Process Questionnaire (SPQ) was used in this study to determine 
a learner’s predisposition or approach to learning and motivation, and lends support 
in answering Research Questions 1, 2 and 3 in Chapter 1 in terms of how cognitive 
learning styles may influence deep learning and critical thinking performance within 
the CoLeCTTE framework. 
Since the CoLeCTTE framework was based on socio-cognitive principles as 
discussed in Section 2.3.3, Bigg’s Learning and Study Process Questionnaires were 
considered for use in this study.  The Learning Process Questionnaire (LPQ) (Biggs, 
1993) consists of 42 questions to measure strategies to learning and motivation for 
learning.  There are three strategies to learning and three types of motivation: 
surface, deep and achieving.  Seven questions are dedicated to each type of strategy 
and motivation.  However, the wording of the LPQ items is appropriate for a school 
setting (Kember, Charlesworth, Davies, McKay, & Stott, 1994).  For this reason, the 
Study Process Questionnaire (SPQ) (Biggs, 1987) which also contains the achieving 
and motivation components and which has been designed for use in higher 
education, was used in this study instead of the LPQ.   
There are two dimensions to learning approaches in the SPQ, strategy (S) 
and motive (M), both of which can exist to varying degrees in a surface (S), deep (D) 
or achieving (A) learning approach.  Results of the SPQ are calculated as individual 
raw scores (RS) and equivalent deciles (Dec) subscales of surface motive and 
strategy (SM and SS), deep motive and strategy (DM and DS) and achieving motive 
and strategy (AM and AS) as shown in the sample SPQ record form in Appendix F.  
These are drawn from the normative standards appropriate for the male and female 
participants in this study, Tables 9 and 10 of the SPQ Manual, respectively (see 
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Appendix G).  These raw scores and deciles are further combined into scales of 
surface approach (SA), deep approach (DA) and achieving approach (AA) as shown 
in the sample SPQ record form in Appendix F.  The raw score and decile equivalents 
are used to define the learning style profile which represents a learner’s general 
orientation towards learning.  A deep approach (DA) is considered to be the ideal 
model for learning.  It is associated with high levels of intrinsic motivation, pursuing 
new ideas and materials and the use of a variety of strategies in the search for 
understanding.  A surface approach (SA) is associated with minimal efforts to avoid 
failure, a focus on assessment requirements and strategies limited to rote learning or 
memorisation.  An achieving approach (AA) is focused on the processes to achieve 
high grades rather than an intrinsic motivation to learn in-depth, therefore, 
competition is a key motivator (Entwistle N. , 1981; Entwistle, Hanley, & Hounsel, 
1979). 
The sample SPQ record form (Appendix F) shows how deciles are used to 
assist teachers to judge a student’s raw score in broad terms and are translated into +, 
0 and – symbols to draw up a learning approach profile and classification which are 
always given the following order: SA, DA and AA scales, and SM, SS, DM, DS, 
AM and AS subscales (see Appendix F).  The resulting profiles give an indication of 
the strengths and weaknesses in terms of a learner’s approach and motivation to 
learning, and therefore, will assist in determining the type of instructional 
intervention that might be recommended.  Achieving a positive profile on the deep 
and achieving scales and subscales is widely interpreted as an indication of good 
approaches to learning.  Furthermore, by getting a composite of the deep and 
achieving approach scales (DA + AA), the deep achieving approach (DAA) is 
determined and as these characteristics are combined, learners with a high DAA are 
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usually high performers who will usually require little or no learning support and 
counselling.   
Table 3.1 summarises the SPQ‘s internal consistency or reliability measures 
amongst Australian students based on Cronbach’s coefficient alpha estimates as 
reported by Watkins (1998), Biggs (Kember & Leung, 1998), and Hattie and 
Watkins (1981), O’Neil and Child (1984), and comparatively analysed by 
Richardson and Newby (2006).  Although it would seem that alpha coefficients of 
less than 0.7 (as seen for the surface strategy, surface motive and deep motive 
estimates) may not be considered highly reliable, however, goodness of fit measures 
for all subscales are considered satisfactory.  Goodness of fit determines the 
discrepancy (0.05 residual value is standard) between the observed and expected 
values, so with a well-fitting model, these will be close to zero and evenly distributed 
among all observed variables (Byrne, 2001).  Biggs (1993) used LISREL (linear 
structural relations) generalised least squares model to measure goodness of fit and 
found that all subscales had estimates greater than 0.97 (the convention is to accept 
higher than 0.95 as satisfactory), however, the root mean square residuals 
(differences between individual values) were 0.072 for Surface Motive (0.072) and 
0.044 for Deep Motive. 
In addition, Kember and Leung (1998) conducted confirmatory factor 
analysis (the extent to which the items can actually measure a particular dimension 
in the instrument) and reported that the SPQ had the best fit with two- and three-
factor models (Burnett & Dart, 2000).  In the two-factor model, deep/achieving and 
surface with strategy and motive subscales are matched to meaning and reproduction 
learning orientations (comparative fit index of 0.987).  In the latter three-factor 
model where covariance between surface and achieving approach is considered, best 
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fit (comparative fit index of 0.822) was also found, that is, surface learners may also 
have an achieving approach.  A higher order factor was also considered by 
combining deep and achieving scales.  These results align with Biggs’ clarification 
that interpretation of SPQ measures were relational, non-orthogonal (not taken as 
independent measures) and contextual.   
Table 3.1 
Cronbach Coefficient Alpha Estimates of Internal Consistency Reliability 
Dimension Watkins 
(1998) 
Kember and 
Leung (1998) 
Hattie and Watkins (1981), 
O’Neil and Child (1984) in 
Richardson and Newby (2006) 
 
Surface 
Strategy 
 
0.25 to 0.66 
(median of 0.55) 
 
 
0.57 
 
 
0.66 
Surface 
Motive 
0.37 to 0.67 
(median of 0.55) 
 
0.60 
 
0.61 
Deep 
Strategy 
0.47 to 0.76 
(median of 0.69)  
 
0.71 
 
0.75 
Deep  
Motive 
0.44 to 0.70 
(median of 0.64)  
 
0.63 
 
0.65 
Achieving 
strategy 
0.56 to 0.77 
(median of 0.72)  
 
0.74 
 
0.77 
Achieving 
Motive 
0.48 to 0.77 
(median of 0.68)  
0.71 0.72 
 
In 2001, Biggs, Kember and Leung (2001) developed a revised two-factor 
version of the Study Process Questionnaire (R-SPQ-2F) in light of major insights 
relating to higher education (i.e., student population, merging of disciplines) and its 
use as a classroom evaluation tool (i.e., accountability and role of teachers in 
evaluating student learning) and was found to be reliable using confirmatory factor 
analysis.  Furthermore, population characteristics, attitudes, age, use of words in the 
   
CHAPTER 3 Research Method and Design  83 
questionnaire to fit the respondents and response bias have provided reason to 
question the content validity of learning process questionnaires (Biggs, 1987; 
Richardson J. T., 2004; Zeegers, 2001).  However, the shortened 18-item SPQ was 
stable and consistent with the 42-item SPQ based on a longitudinal study of British 
students to determine predictive validity and found to be useful for measuring large 
sample groups (Fox, McManus, & Winder, 2001).  Richardson (2004) also 
emphasised the need to interpret within the context from which the measurement was 
used while Turner (2004) recommends the use of follow-up investigations such as 
interviews to clarify results, particularly in the case of outliers.  Importantly, 
numerous studies across a number of contexts have established reliability of the SPQ 
for the measures intended in this study, including its appropriateness for evaluating 
innovations in technology, and predicting academic performance based on 
correlations with deep learning (Burnett & Dart, 2000; Kember, Charlesworth, 
Davies, McKay, & Stott, 1994; Snelgrove & Slater, 2003; Zeegers, 1999). 
Based on the review of reliability and validity studies undertaken above the 
researcher was confident that the 42-item SPQ could be used for the purposes of this 
study.  Internal validity was maintained because this study was comprised of small 
numbers of participants per class; the groups were homogenous and investigated 
within their own contextual discipline and learning environments; and semi-
structured interviews were conducted in Case Groups 2 and 3 to gain more in-depth 
data.  The investigation was also based on a comprehensive framework which was 
tested through within-group and within-class settings for Cases 1, 2 and 3.   
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3.5.2 Qualitative data 
This section describes the instruments and methods used to gather the 
qualitative data used in this study. 
3.5.2.1 Critical Thinking Coder 
Observational data from videos of group work were recorded on the Critical 
Thinking Coder (CT Coder) which lends support in answering Research Questions 1, 
2 and 3 in Chapter 1 in terms of critical thinking performance within the CoLeCTTE 
framework.  It should also be noted that quantitative data for the descriptive and 
content analyses were also derived from this tool.   
Although there are a number of transcription and coding tools such as 
NVIVO9 (QSR International Pty Ltd, 2011) and Transana (Fassnacht, 2011) 
available, the output and reporting properties of these tools did not serve the purpose 
of this study.  NVIVO9 and Transana did not allow the researcher to incorporate the 
reporting of Critical Thinking Ratios (CTRs) nor did they allow the researcher to 
logically assign codes to non-contiguous statements.  Non-contiguous statements 
occurred when participant statements were interrupted or overlapped with other 
participants in the group, a common occurrence in group discussions.  In these 
situations, broken statements were given one and the same code. 
A transcript coding tool called CT Coder was designed and developed for 
this study using Microsoft Access database application.  The classifications used to 
define the fields in the CT Coder were Garrison’s (1992) problem solving stages, 
Perkins and Murphy (2006) and Henri’s (1992; 1993) critical thinking and content 
analysis models.  The functional development of the database was developed by a 
database expert, and under the guidance of the researcher, was designed to perform 
   
CHAPTER 3 Research Method and Design  85 
the specific data coding and reporting features.  Figure 3.2 shows the user interface 
labels depicting 1-6 of these features: 
1. Line-by-line transcription entry from chat logs, audio or video 
recordings. 
2. Line-by-line coding of recorded statements with the ability to ignore 
classifications or codes for connected statements (two or more related 
contiguous statements or utterances).  This was an important function of 
the CT Coder as student contributions in groups often overlap, 
therefore, allowing for a unit of meaning to be coded. 
3. Setup of an unlimited number of sessions, topics, participants and 
coding classifications. 
4. Highlighting and filtering of key words in the transcript. 
5. Classification of transcription lines according to defined topics. 
6. Addition of comments and annotations by user. 
7. Provision of reports on Critical Thinking Ratio (CTR, see explanation 
below), session totals, topic sub-totals, percentages, comments and 
classification of results according to topic, participant, session, and 
levels of critical thinking. 
8. Generation of reports using user-defined queries and criteria, filtering of 
codes and comments, up to three-tier grouping of results and addition of 
report descriptions. 
9. Print or export to Excel (*.xlsx), Adobe Reader (*.pdf or *.xps), Word 
(*.docx), web (*.html and *.xml), and Snapshot Viewer (*.snp) to allow 
for manipulation of data and other uses. 
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Figure 3.2. CT Coder User Interface. 
Any number of topics and classifications may be added to the interface as 
needed.  In particular, Case 1 had a series of web conferencing sessions where 
discussions were coded as topics.  Observations on implicit metacognition as 
opposed to explicit metacognition were also recorded.  Appendix H shows a list of 
the codes used in the CT Coder.  Figure 3.3 shows the report interface which can 
generate any number of user-defined queries by filters and where-clauses or 
conditions, and then organised by session, topic or person groupings for the print 
output.   
2 
6 
1 
4 
5 
3 
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Figure 3.3. CT Coder Report Interface. 
In addition, the critical thinking frequency and Critical Thinking Ratio 
(CTR) can be reported for each person at both topic and session levels (see Appendix 
I).  This example report shows a summary of all sessions with groupings according 
to topic for each person.  A user may also choose a specific session/s in the report 
interface to generate a report.  The coded frequency of utterances or statements are 
counted and totals per topic and session are reported according to interactivity, 
direction of interaction, cognition (critical thinking) and metacognitive knowledge 
and skills for each person.  Group totals according to session, person and topics were 
generated as raw values (percentage values can be selected) while additional Where-
7 
8 
8 
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Clause filtered out unwanted topics (see Figure 3.3).  For example, pre-meeting chat 
and social exchange (1-09), emoticons during chat sessions (1-04) and technology 
queries (1-06) between participants were filtered out by entering “not 
([subtopic]="1-09" or [subtopic]="1-06" or [subtopic]="1-04") in the Where-Clause 
field.  The report in Appendix I also ignored duplicate codes or lines, that is, non-
contiguous statements which were related were coded and counted as a single unit of 
meaning.  Specifically, the report shows the coded frequency of statements as totals 
for elementary clarification (surface utterances), inference, in-depth clarification, 
judgment and strategy (deep utterances). 
The Critical Thinking Ratio (CTR) was calculated by assigning surface 
learning as a negative variable and deep learning as a positive variable.  This is seen 
in Appendix I as CTR values calculated based on the total of surface and deep 
utterances for a person, topic, session and total session.  A ratio can be derived 
between -1 and +1 which becomes a “measure that is independent of the quantity of 
participation and reflecting only the quality of the messages” (Newman, Webb, & 
Cochrane, 1995).  Thus, a Critical Thinking Ratio (CTR) is derived by the following 
equation: 
CTRatio = (x
+
 ‒ x-) / (x+ + x-) 
Where 
x
+ 
=  deep learning (includes inference, in-depth clarification, judgment, 
  strategy) 
x
-
 =  surface learning (elementary clarification) 
 
In Newman, Webb and Cochrane’s (1995) study, obvious examples of 
critical or uncritical statements were coded and “shades of grey” were eliminated.  In 
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this study, however, since a naturalistic approach was taken, all statements that were 
part of the discussion while engaging in the main activity were coded and classified 
into topics. 
Codification of chat logs and video recordings of group work.  Chat logs and 
observational data recorded in the CT Coder tool lend support in answering Research 
Questions 1, 2 and 3 in Chapter 2 in terms of critical thinking performance within the 
CoLeCTTE framework. 
Chat logs from Vyew web conferencing systems and transcripts of in-class 
observations of student engagement and performance were coded, reviewed and 
analysed.  Student interactions and engagement were coded in terms of the level of 
critical thinking demonstrated.  Although Henri’s model of content analysis (1992; 
1993) has been a widely used framework, the researcher found that examples of 
critical thinking dialogue were inadequate to clearly differentiate statements.  A 
number of online and computer mediated communication studies (Godat & De 
Graaf, 2003; McKenzie & Murphy, 2000; Newman, Webb, & Cochrane, 1995; 
Perkins & Murphy, 2006) have expanded or adopted Henri’s model, redefined 
classifications and provided examples of coding taxonomies that supported the 
coding guidelines used in this study.  In particular and as discussed in Section 
2.3.1.1, Garrison (1992) provided a view that critical thinking consisted of five 
problem-solving stages and were included in the transcript coding guidelines for this 
study.  Therefore, coding of transcripts for critical thinking was done based on Henri 
(1992; 1993), Garrison (1992) and Perkins and Murphy (2006) with Henri as the 
basis for content analysis using two of his categories of analysis, cognition and 
metacognition.  These categories are summarised in Appendix J with codes, 
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definitions and examples.  The statements that were made by group members during 
discussion were coded against these categories using the CT Coder tool described 
above.   
In this study, non-explicit or implicit metacognition (NEM) was 
differentiated to determine tendencies or inclinations for metacognition as opposed 
to clear and explicit metacognitive statements of the “I” as exemplified in Appendix 
J.  For the purposes of this study, implicit metacognition (NEM) is defined as 
statements that imply metacognitive behaviour but is not self-directly verbalised, but 
one's statement infers a metacognitive skill, knowledge, experience or strategy.  For 
example, a student who comments, “This task is difficult to complete so we should 
take things one-step at a time”, implies his own awareness of finding the task 
difficult (first phrase) and provides a systematic approach to doing things by 
suggesting or ordering an action for completion of a task to the group (second 
phrase).  Although it is not a direct self-expression or is not self-directed, this is 
evidence of that student’s inclination to use metacognitive knowledge or skills to 
complete the task.  The first phrase differs from an “I” directed self-awareness skill 
but is an expression of sharing awareness of task difficulty (i.e., non-explicit 
metacognitive skill of self-awareness - NEM SSA), while the second is a suggestion 
of a strategic approach (i.e., non-explicit metacognitive knowledge of strategy - 
NEM KS) for the group and therefore, implies his own approach should he undertake 
or have the choice of how to complete the task.  In this example, a unit of meaning 
has more than one NEM code, NEM SSA and NEM KS.   
Inter-rater reliability testing.  In order to validate coding of transcripts, inter-rater 
reliability testing was conducted by having an independent coder/rater perform the 
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coding on a sample of the transcript.  Initial training and familiarisation with the 
coding definitions for critical thinking was conducted.  The calibration process 
included providing clarification of any misconception or confusion using a 
calibration sample.  Once the researcher was satisfied that the independent 
coder/rater’s ratings had been calibrated, a new set of test samples comprising ten 
per cent of statements from Case 1, 2 and 3 (n=171) was coded which was then 
checked against the original coding done by the researcher.  A match of 119 codes 
was made equalling a 70% reliability or concordance between the independent 
coder/rater and the researcher.  A consensus estimate of 70% was acceptable for this 
study since a high degree of agreement on the coding of the different levels of 
critical thinking was achieved using a test sample (Stemler, 2004). 
3.5.2.2 Audio recordings of participant interviews 
This data gathering technique lends support in answering Research 
Questions 1, 2 and 3 in Chapter 2 in terms of student perceptions of their learning 
experience within the ColeCTTE environment. 
For Cases 2 and 3, individual participants were interviewed as part of the 
qualitative inquiry component of the research.  As described above, this helped 
establish meaning in data differences in critical thinking and deep learning 
performance on learning activities and tasks.  In particular, technological self-
efficacy, learning approach, motivation and experiences amongst students with low 
and high eductive abilities.  A holistic interpretative approach of individual cases 
was used based on what Creswell (1998, p. 15) describes as, “an inquiry process of 
understanding based on distinct methodological traditions of inquiry that explore a 
social or human problem.  The research builds a complex, holistic pictures, analyses 
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words, reports detailed views of informants, and conducted the study in natural 
setting.”  It is a research approach that looked at the unique aspects of student 
experiences within the CoLeCTTE framework. 
3.5.3 Alignment with research questions 
In summary, the data sources discussed above informed the research 
questions in this study.  Triangulation of both quantitative (tests and surveys) and 
qualitative (interviews and observations) data was used to determine relationships 
amongst variables and identify consistent themes of learning behaviour and critical 
thinking.  The Data Sources and Research Questions Matrix (Table 3.2) shows which 
instruments provided specific data and insights to answer the primary and secondary 
research questions in this study.   
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Table 3.2 
Data Sources and Research Questions Matrix 
Research and Interview Questions Data Collection Instruments and Tools 
 Raven’s APM 
Test (eductive 
ability) 
OTSES 
(technological self-
efficacy and 
demographics) 
Study Process 
Questionnaire 
CT Coder 
(codification of chat 
logs and video 
recordings) 
Interviews with 
audio recording (not 
part of Case 1 
design) 
Cases 1, 2 and 3: Do learner skill bases (learning approach and eductive ability) influence critical thinking within the proposed CoLeCTTE 
framework? If so, how? 
Contributing data sources will determine: 
Relationship across eductive ability, learning styles and 
approaches, critical thinking 
X  X X  
Interview question: 
Q1a:  
What learning approaches or techniques did you use, both 
individually and group, in order to ensure that you understood and 
were able to perform the requirements of the project/activity 
assigned? 
    X 
Cases 1, 2 and 3: Do learning technologies influence the acquisition of deep learning and critical thinking within the proposed CoLeCTTE 
framework? If so, how? 
Contributing data sources will determine: 
Influence of technological self-efficacy in relation to: and critical 
thinking and impact of motivation and confidence on study 
behaviours, critical thinking interactions and strategies 
 X X X  
Interview questions: 
Q2a.  
To what extent did engagement with the [technology] contribute 
to/hinder your achievement of the course goals? 
    X 
Q2b.  
In what ways did [technology] help foster a deeper understanding 
of the task you were required to do? 
    X 
Q2c.  
Can you identify/describe some strengths and 
    X 
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Research and Interview Questions Data Collection Instruments and Tools 
 Raven’s APM 
Test (eductive 
ability) 
OTSES 
(technological self-
efficacy and 
demographics) 
Study Process 
Questionnaire 
CT Coder 
(codification of chat 
logs and video 
recordings) 
Interviews with 
audio recording (not 
part of Case 1 
design) 
weaknesses/limitations of [technology] that would help you learn 
in collaborative situations? 
Q2d.  
How did motivation and confidence influence deep learning and 
critical thinking within the proposed CoLeCTTE framework? 
    X 
Q2e.  
Did your confidence or lack of confidence in the use of the 
[technology] affect the way and what you learned in this course?  
Did it support or hinder your learning? 
    X 
Cases 2 and 3: How might learning be designed to facilitate the acquisition of deep learning and critical thinking within a technology-enabled 
collaborative environment? 
Contributing data sources will determine: 
Impact of design on study behaviours, critical thinking 
interactions and strategies 
X  X X  
Interview questions: 
Q3a.  
What changes would you suggest to improve how you learned 
during the activity where you used the [technology] used? 
    X 
Q3b.  
What would you do differently next time to ensure that you get the 
most benefit from learning and completing your project/activity 
using [technology]? 
 
    X 
Q3c.  
Do you think that differences in your learning styles influenced 
success and how you completed the project assignment? 
    X 
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3.6 Research procedure 
As this study was conducted using a progressive or “ladder-like” case study 
approach, additional data were gathered for Case 2 Industrial Electrical Power 
Distribution and Case 3 Applied Thermodynamics in order to explore further 
questions or confirm the propositions that arose from Case 1.  The reader is again 
referred to the schematic diagram of the research intervention design shown in 
Figure 3.1. 
All students from Cases 1, 2 and 3 were asked to participate in the study as 
volunteers and all agreed to sign a consent form (see Appendix K).  All participants 
were provided with the learning technology devices, accessories and software 
according to the requirements of the course.  It was presumed that those who 
volunteered would have a high level of interest in using technology in class and 
during the conduct of their project.  Groups varied depending on the class size and 
level of participation.  Demographic information, technology use, experience and 
technological self-efficacy were determined using the OTSES questionnaire at the 
individual and group level.  This questionnaire was completed by each group 
member on a voluntary basis.  The SPQ was completed by the participants in order 
to look at their motivation and study behaviour.  A learning approach profile was 
determined for each participant and analysed within the context of their own group.  
Raven’s APM Sets I and II were completed by all participants with the former used 
as a practice set and the latter under timed conditions of 40 minutes according to the 
administration guidelines outlined in the user manual.  Observations of participation 
interactions during group work were performed with the researcher as a non-
participant observer.  Group activities were videotaped to record dialogue as 
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evidence of participants’ critical or non-critical contributions.  During all the 
recorded group dialogue, the researcher recorded key observations and noted 
interpretation of the event as comments.  Dialogues were transcribed, coded and 
individual CTRs (critical thinking ratios) calculated using the CT Coder. 
A further set of data sources was used in Cases 2 and 3 after Case 1 analysis 
revealed a need to derive more evidence from participants’ own experiences since 
the results were not sufficiently in-depth to be able to answer Research Questions 2 
and 3.  Audio recorded individual interviews provided further insight into group 
work interaction and technology experience from case participants that agreed to be 
interviewed (one participant declined). 
3.7 Quality and ethics 
Prior to the conduct of this study, ethical clearance for the types of data 
sources and approaches used was sought and approved.  Since a significant 
proportion of research involved the participation of humans with low risk impacts 
upon humans, an ethical approval for Level 1 was sought.  Level 1 (low risk) 
research involves human research with no significant risks or ethical issues (before 
the implementation of any risk management strategies associated with the research 
design); and use of questionnaires, surveys or interviews involving non-sensitive 
matters.  Research projects which qualify for review under Level 1 are considered by 
the Chair, University Human Research Ethics Committee.  Participants from all three 
case groups provided consent for data derived from their participation to be used.  
Ethical clearance no. 0600000460 was granted for this study with conditions to 
submit annual ethics progress reports.  Specifically, consent was given for the 
researcher to observe, measure and record participants’ behaviour in groups and 
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individual study processes, conduct face-to-face or phone interviews and the 
duration of time that would be required from them.  Consent for audio/video 
recordings during face-to-face or online group work activities and post-delivery 
interviews was also sought.  Confidentiality clauses were also included in the 
consent form (see in Appendix K). 
Throughout the conduct of the study, annual progress reports were 
submitted to the University to record progress and ensure quality control by 
identifying early indicators of any impact on the study and its completion.  Revisions 
to timelines, graduate capabilities targeted or required for the study and status of the 
various phases of the research project were recorded and submitted for review.  
Importantly, regular one-on-one meetings with the supervisors of this study and tri-
monthly meetings with a postgraduate study group were organised by the lead 
supervisor as an avenue for professional development.  This became an invaluable 
learning community where sharing and critical feedback to researches by various 
members of the study group took place.   
Within this thesis, names of participants have been made anonymous and 
their identity protected by replacing actual names with pseudonyms. 
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CHAPTER 4. Case 1 Results and Analysis 
4.1 Overview of chapter 
This chapter addresses only Research Questions 1 and 2 as listed in Section 
2.6 in relation to Case 1 Core Project Implementation: Do learner skill bases 
(learning approach and eductive ability) influence critical thinking within the 
proposed CoLeCTTE framework? If so, how?; and Do learning technologies 
influence the acquisition of deep learning and critical thinking within the proposed 
CoLeCTTE framework? If so, how? 
Volunteers were drawn from the Core Project Implementation 
undergraduate class.  The researcher provided information about the research project 
to the class regarding its purpose and expectations from volunteers prior to soliciting 
their participation.  A group volunteered to participate (n = 5, 38%) out of N = 13 
students (Cases 1, 2 and 3 N = 11% of total target population in Section 3.3.2.1).  
Core Project Implementation was a project-based course in the Information 
Technology Faculty which used authentic learning activities and interactions.  The 
student cohort met the sampling frame identified for the study and met the 
participant and activity selection criteria as discussed in Section 3.3.2.1.  The group 
was provided with the appropriate technology, Vyew web-based conferencing 
system (Simulāt, 2011), which was used to support their work on the group project.  
Raven’s APM Sets I and II (Raven, Raven, & Court, Advanced progressive matrices, 
1998), OTSES (Mistler-Jackson & Songer, 2000) and Study Process Questionnaire 
(Biggs, 1987) as described in Chapter 3, were implemented to gather participant 
profile data.  This chapter presents the results and begins with a discussion of the 
case context (Section 4.2), descriptive profile analysis of the participants (Section 
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4.3), followed by the findings and analysis related to the research questions in the 
study (Section 4.4), and the case summary of findings for readers that do not want to 
read the full chapter (Section 4.5).  
4.2 Case 1: Design of learning tasks and application of the proposed 
CoLeCTTE framework 
The proposed CoLeCTTE framework was implemented in the instructional 
design of Case 1 Core Project Implementation.  In order to understand how this was 
operationalised, a discussion according to the processes of the framework is 
presented.  
4.2.1 Case 1: Define, design and develop  
Case 1 Core Project Implementation is the second phase of a two-semester 
course.  Students worked in groups in Core Project Initiation (Phase 1) in Semester 1 
and then proceeded to Core Project Implementation (Phase 2) to produce the final 
product or deliverable the business plan in Semester 2 (see Figure 4.1).  For the 
purposes of this study, Case 1 was focused on Core Project Implementation (Phase 
2).   
 
Figure 4.1. Case 1: Core Project Initiation and Implementation roadmap. 
ITB010 Project implementation (Phase 2)
ITB009 Project initiation (Phase1)
70% of learning outcomes specified, 30% to be negotiated with supervisor
50% of learning outcomes specified, 50% to be negotiated with supervisor
•Full specification
•Business Plan for Phase 2
•Proof of concept/prototype
•Final Product/Deliverable
70% of learning outcomes specified, 30% to be negotiated with teacher 
50% of learning outcomes specified, 50% to be negotiated with teacher 
ITB09 Project Initiation (Phase 1) 
  ITB010 Project I ple entation (Phase 2) 
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These undergraduate courses aimed to provide students with skills and 
experience in taking a substantial information technology project from defining 
suitable objectives to achieving the goals of the project.  Students worked in groups 
where they were taught teamwork and conflict resolution skills as part of their 
course.  The objective for the groups in Core Project Initiation (Phase1) was to start 
up a fictitious but authentic company or organisation to develop and specify an 
artefact that has potential for commercialisation.  They were required to produce a 
business plan to describe and support their project artefact, a Multimedia-Rich 
Australian History Wiki.  In addition, groups were required to enhance their business 
plan by implementing a part of the project as a prototype or to create a proof of 
concept model to help communicate its viability.  The fictitious company had to 
convince a venture capitalist in Week 14 of a 14-week semester that the team’s 
business plan was sufficiently “venture worthy” to proceed to Core Project 
Implementation (Phase 2).  Groups had to present their team’s business plan and the 
work they had done on the project artefact in the best light possible to achieve this 
objective.   
The researcher, who is a Learning Designer, was engaged in Core Project 
Implementation (Phase 2) to provide design and technology support.  In so doing, the 
researcher found that it fitted the requirements for participants to be engaged in a 
naturalistic case study where the CoLeCTTE design principles were present or could 
be applied.  Role conflict was not considered to be an issue as the researcher 
provided support in terms of course design and development.  The objective in Core 
Project Implementation (Phase 2) was for student teams to carry forward their 
business plan from Phase 1 to further develop and fully implement the specifications 
for a final product.  They demonstrated the project artefact to external guests at a 
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tradeshow in Week 14 of Semester 2.  Table 4.1 shows the semester program for 
Core Project Implementation (Phase 2). 
Table 4.1 
Case 1: Core Project Implementation (Phase 2) Semester 2 Schedule 
Week Core Project: 
Develop a business plan and fully implement the artefact that was referred to in the specification 
carried forward from Phase 1.  Present this to a panel in Week 14. 
 
1 
 
Introduction 
 
Prepare site, instruments, forms, learning 
organiser/minutes sheet and devices 
 
2 Team Conflict 
theory 
Team Conflict scenario readings and scenario 
preparation 
[Self-directed - attendance not expected] 
 
3  Team Conflict role-play, work on project 
[Self-directed - attendance not expected] 
 
4 - 9  Team Conflict presentation and discussion, team health 
check survey, work on project 
 
10 - 11 Commercialisation  / 
Entrepreneurship 
Readings on commercialisation and entrepreneurship, 
founding the enterprise, work on project 
 
12 - 13  Preparation for presentation 
 
14  Presentation 
 
For the purposes of this study, these activities were conducted by the 
researcher with the Course Facilitator (responsible for course planning) in two steps:   
1. Familiarisation with Project Initiation (Phase 1) and Core Project 
Implementation (Phase 2) subjects and the Vyew web-based 
conferencing system (the collaborative technology platform identified as 
appropriate for this class) to allow the Course Facilitator to become 
acquainted with the use of technology and to identify issues that may 
need to be addressed prior to the conduct of the main phases of the 
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study.  Student groups were provided with access to and trained in use 
of the Vyew web conferencing system.   
2. Ensured that the design of learning tasks and activities, and integration 
of collaborative technologies, aligned with the CoLeCTTE framework.  
The researcher achieved this through an initial assessment of the 
suitability of the course for inclusion in the study.  The researcher 
offered an invitation to the Course Facilitator to participate and 
objectives of the research explained.  The researcher and Course 
Facilitator discussed the activity design strategies to incorporate the 
proposed CoLeCTTE framework and its various processes. 
 
The web conferencing tool used for this group was Vyew (Figure 4.2), a 
platform for real-time and always-on interaction between people and content.  It is a 
next-generation web-based collaboration and conferencing service that connects 
users and allows content sharing.  With Vyew, users can host live conferences and 
work collaboratively on content synchronously or asynchronously over time, 
anytime.  The user can author new content and collaborate with PowerPoint, Word, 
Excel, and PDF files, plus audio, video and images as well as stream live or capture 
what is showing on the desktop.  In addition, built-in text chat and teleconferencing 
make live collaboration sessions highly productive.  The researcher set up an account 
for the group on Vyew which consisted of a meeting room and access to editing, 
annotation and collaboration tools.   
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Figure 4.2. Vyew home page interface (Simulāt, 2011). 
4.2.2 Case 1: Activate and initiate 
Student teams discussed their approach to implement their project or 
business plan by first discussing the objectives, hardware / support software 
requirements, scope, constraints and assumptions, risk, and outlined their project 
schedule.  The participants in this study had undertaken a team project which was 
problematic to implement as the students in this class were physically dispersed.  For 
example, some students work during the day or have other commitments which 
preclude easy convening of group meetings.  Although, the course design and 
delivery was face-to-face, groups agreed to work outside of class hours or online to 
complete their learning tasks.  As part of this course, teams were also asked to enter 
into a learning contract between the student team and the Course Facilitator.  The 
contract detailed what was to be learnt, the resources and strategies to be used, what 
will be produced as evidence of the learning and how that product will be assessed. 
4.2.3 Case 1: Task performance 
The Case 1 team/participants that volunteered for this study worked on their 
Multimedia-Rich Australian History Wiki.  Implementation of the project plan was 
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according to the agreed project schedule during which an assigned tutor may or may 
not participate in the project meetings.  As previously discussed implicit intervention 
for extracting critical thinking behaviour was applied.  As such, non-explicit and 
non-prescriptive instructional approach to elicit learner performance of critical 
thinking skills was used.  This was achieved through a complex problem-based 
activity and project that required students to engage in critical thinking tasks.  These 
tasks included: integration of search and timeline functions, automated XML 
generation, server maintenance, Flash timeline implementation, design of overall 
theme and wiki skin, timeline extension and wiki integration and testing.  Critical 
thinking behaviour was expected to be educed because participants needed to discuss 
critical issues or problems in the project, determine accuracy of each participant’s 
task output, identify solutions to identified issues, justify propositions and evaluate 
their project output (see Section 3.3.2.1, p. 73 for characteristics of critical thinking 
behaviour).   
4.2.4 Case 1: Delivery of outcomes  
The information technology (IT) field is very diverse.  This course 
addressed the wide range of real world project capabilities that graduates were 
expected to be demonstrating.  The learning outcomes and assessment items were 
separated into two parts: generic and contextual.  Generic learning outcomes and 
their assessment were those professional capabilities deemed to be required by all IT 
professionals.  A generic outcome of this course was to develop the habits of high 
performing teams through the application of skills in conflict resolution, listening, 
negotiation, decision making, creativity and diversity.  Contextual learning outcomes 
and assessment items were those that relate to technical aspects and were negotiated 
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at project initiation between the project team and the Course Facilitator.  Contextual 
learning outcomes and assessment items were recorded early in the semester.  As 
previously outlined in Table 4.1, the final product and outcome was a demonstration 
of the Multimedia-Rich Australian History Wiki to external guests at a tradeshow in 
Week 14 of Semester 2.  In preparation for the tradeshow, teams had to create 
promotional poster and slides or other presentation material.  The final system or 
wiki was tested and assessed by the Course Facilitator. 
4.3 Case 1: Participant profile 
There were five members in this group (Boult, Shiloh, Jeeve, Aylon and 
Asha), all of whom volunteered to participate in the study because they lived far 
distances from each other and the university.  This dispersion would hinder group 
members from committing to the required frequency of group work meetings as 
shown in Table 4.1 and to progress effectively within the project timeframe.  
Technological self-efficacy, eductive ability and learning approach were measured 
using OTSES, APM, and SPQ, respectively, in order to determine the natural skill 
bases of participants in Case 1.   
4.3.1 Technological self-efficacy (OTSES) 
The first of these findings are the results of the OTSES questionnaire which 
indicated that all five members of the group considered themselves very confident 
with the use of Internet, Synchronous and Asynchronous I and II type computer 
technologies on a Likert rating scale (VC = very confident, SC = somewhat 
confident, NVC = not very confident, NCAA = not confident at all).  The overall 
group confidence for all technology types is shown in Figure 4.3 (see 0 or Section 
3.5.1.2 for description of technology types).  Overall, 80 per cent (four out of five 
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participants) considered themselves better than most students with using computer 
technology as a learning tool.  Shiloh, was the only participant who felt she was the 
same as most students.  These responses are not surprising considering the discipline 
of study and that most had access to home, work and university computer 
laboratories (Table 4.2). 
As expected, Case 1 participants did not have any problems learning the 
system and using the collaborative functionalities of Vyew.  Even when there were 
initial minor issues that came with learning how a new system works, these were 
easily resolved by the group.  In terms of this study, Vyew is classified as both a 
Synchronous and Asynchronous II type technology (see 0 or Glossary for 
definitions). 
 
Figure 4.3. Case 1: OTSES results – overall group confidence according to 
technology type. 
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Table 4.2 
Case 1: Types of computer access. 
Computer labs Home computer Work computer Other 
4 5 3 Remotely hosted 
machines 
 
4.3.2 Eductive ability (APM) 
In terms of their eductive ability, the results of Raven’s APM Sets I and II 
scale showed that this group had average to definitely above average general 
cognitive ability or aptitude for problem solving, with two participants, Boult and 
Asha at the opposite ends of the scale for this group, that is, Grade III Average 
Intellectual Capacity and Grade II+ Definitely Above Average Intellectual Capacity, 
respectively (see Table 4.3).  Although the group would be classified collectively as 
average (see Appendix D), all Case 1 participants, except for Boult are classified as 
above average when measured against the Australian norm (Raven, Raven, & Court, 
1998, p. APM96) and if we assume that a percentile of 50 was average. 
Table 4.3 
Case 1: Raven’s APM Sets I and II results 
Participant APM 28 Norm classification 
of intellectual capacity 
APM Set I APM Set II Percentile 
Boult  Grade III– Average  10 22 40 
Shiloh  Grade II Definitely Above the 
Average  
12 27 75 
Jeeve  Grade II Definitely Above the 
Average  
11 27 75 
Aylon  Grade II Definitely Above the 
Average  
12 29 85 
Asha  Grade II+ Definitely Above the 
Average  
11 30 90 
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4.3.3 Learning approach (SPQ) 
This section will be presented in two parts, results of the group learning 
approach (Section 4.3.3.1) and the individual learning approaches and profiles 
(Section 4.3.3.2).  To assist the readers, a key is provided at the bottom of tables and 
graphs to assist with interpreting acronyms for SPQ motive and strategy raw scores 
and deciles in the following discussions on learning approaches.  In addition, 
corresponding participant values are provided under graphs as data tables in this 
chapter.   
Table 4.4 
Case 1: SPQ raw scores and deciles 
Name 
Scales 
Raw score/ 
Decile 
Deep 
Achieving 
Approach 
(DAA) Raw 
Score/Decile 
Subscales and Profile 
Raw score/ 
Decile 
Self- 
comparison 
with other 
students 
SA DA AA SM SS DM DS AM AS 
Aylon 31 56 31 87 15 16 27 29 16 15 Average 
1 9 2 6 2 1 9 10 2 2  
(- + -)  (- - + + - -)  
Shiloh 41 37 46 83 18 23 18 19 24 22 Excellent 
4 2 7 5 3 6 3 3 8 5  
(0 - 0)  (- 0 - - + 0)  
Boult 29 41 29 70 17 12 15 26 15 14 Average 
1 4 2 2 2 1 1 9 2 2  
(- 0 -)  (- - - + - -)  
Jeeve 46 45 27 72 23 23 22 23 15 12 No 
answer 7 6 1 2 7 6 5 6 2 1 
(0 0 -)  (0 0 0 0 - -)  
Asha 50 55 43 98 26 20 26 29 28 25 Average 
5 10 5 9 9 4 9 10 10 7  
(0 + 0)  (+ 0 + + + 0)  
Key SM: surface motive + SS: surface strategy = SA: surface approach 
DM: deep motive + DS: deep strategy = DA: deep approach 
AM: achieving motive + AS: achieving strategy = AA: achieving approach 
DA + AA = DAA: deep achieving approach 
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4.3.3.1 Group learning approach 
Table 4.4 summarises the learning approaches of the Case 1 group (in the 
context of this course) showing the SPQ scales, subscales and respective profiles 
(refer to Section 3.5.1.3 for an explanation of scale and subscale raw scores and 
deciles).  Briefly, Table 4.4 presents the raw score over the equivalent decile value 
(e.g., 82/4) with symbols (+, 0 and –) for each of the six subscales (SM, SS, DM, 
DS, AM and AS) and three scales (SA, DA and AA) which are the corresponding 
symbols that define individual profiles (Appendix F).  These interpretations are 
based on Bigg’s SPQ Manual (1987). 
The results indicated that the group had a collective Deep Achieving 
Approach (DAA) raw score of 82 and a decile of 4.8 which is classified as average.  
Generally, the scale scores indicate that this group has a Deep Approach (DA) 
learning approach with an average raw score of 6.20 (see Figure 4.4 below).  The 
group has average subscale scores for Deep Motive (DM - 5.4) and Deep Strategies 
(DS - 7.6) as shown in Figure 4.5.  This means that at the group level, they would be 
expected collectively to use appropriate strategies such as reading more widely and 
using extensive resources to achieve their group objectives.  They would also be 
expected to be intrinsically motivated and in terms of goal setting, they would not be 
satisfied with just passing the mark.  However, Surface Approach (SA) of 3.6 across 
the group is also more prominent compared to their below average Achieving 
Approach (AA) of 3.4, indicating that this group could benefit from being taught 
more achieving and effective approaches such as time management and suggested 
readings.   
A better understanding of what contributes to collective behaviour is 
achieved when looking at the individual contributions to these averages.  Referring 
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back to Table 4.4, the expanded and contracted profiles of each group member are 
interpreted in the next section. 
 
Figure 4.4. Case 1: SPQ equivalent decile - scales. 
 
Key SM: surface motive  SS: surface strategy  DM: deep motive 
DS: deep strategy  AM: achieving motive  AS: achieving strategy 
Figure 4.5. Case 1: SPQ equivalent decile - subscales. 
4.3.3.2 Individual learning approaches and profiles 
Since learning approaches are predispositions for adopting processes that 
determine the outcome of learning (see Section 2.3.3.2), measures of SPQ scales, 
subscales can be interpreted into individual learning approach profiles according to 
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Biggs (1987) as summarised in Table 4.4.  These profiles are now interpreted for 
each participant: 
Aylon 
Aylon has an average (6) DAA decile.  He has well below average SS; 
below average SM, AM and AS; above average DM and well above average DS 
subscale scores.  His high DM implies that he has an intrinsic interest in what is 
being learned and in developing competence in particular academic subjects.  His 
high DS means he should be inclined to discover meaning by reading widely, 
interrelating this with previous relevant knowledge. 
His scale scores show an above average DA and below average SA and 
AA. He therefore, belongs to the commonly categorised above average Deep 
(exclusive) profile which is not as good for attainment as deep (predominant) or 
deep achieving learners.  This means that he will tend to define his own goals and 
pursue these his own way and so it is best for him to acquire an AA. 
Shiloh 
Shiloh has an average (5) DAA decile.  She has below average SM, DM 
and DM; average SS and AS; and above average AM subscale scores.  Note that 
based on her self-comparison with other students on the SPQ, Shiloh has had an 
excellent history of doing well in her subjects compared to her peers and indicates 
that although she uses surface strategies, she tends to be organised with her time and 
working space, follows up all suggested readings, schedules time and behaves as a 
“model” student. 
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Her scale scores show an average SA and AA and below average DA, and 
therefore, indicate that she uses an average Surface Achieving learning approach 
to help her learn.  She adopts a Surface Approach (SA) but the higher Achieving 
Approach (AA) score means that she wants to get good marks, wants to perform well 
in formal examinations, and has a high academic self-concept but may be 
unsuccessful because of poor strategies and motives. 
Boult 
Boult has below average (2) DAA decile.  He has well below average SS 
and DM; below average SM, AM and AS; and above average DS subscale scores.  
Boult’s DM is low because he failed to answer Question 38 in the APM Set II.  His 
high DS means that he tends to discover meaning by reading widely, interrelating 
new learning with previous relevant knowledge. 
Boult has mainly an average Deep (exclusive) learning profile (mainly 
strategy) with below average AA and SA subscale scores.  This means he should 
perform well academically but not as well as Deep Achieving (DA) learners.  
However, his exclusively deep profile is not as good for attainment because he will 
tend to define his own goals and pursue these his own way and so it is best for him to 
acquire an AA. 
Jeeve 
Jeeve has a below average (2) DAA decile.  He has a well below average 
AS, below average AM, average SM, DM and DS subscale scores.  He will most 
likely tend to NOT use either AM or AS approaches to help him learn.  He belongs 
to the commonly categorised Low Achieving profile.  
   
CHAPTER 4 Case 1 Results and Analysis  114 
Jeeve’s average SM and SS mean he may work to meet minimal 
requirements, and limits his targets to bare essentials and will tend to resort to rote 
learning.  However, his tendency for surface learning is toned down by his average 
DM and DS, which indicates that he may have an intrinsic interest in what he is 
learning and a desire to develop competence in particular academic subjects, and he 
may also attempt to discover meaning by reading widely to interrelate new learning 
with previous knowledge. 
Jeeve has a low Achieving Motivation profile.  When low AM is 
accompanied by a high SM approach, people have the following characteristics: be 
highly defensive when competence is being publicly evaluated; their greatest fear is 
the loss of face resulting from failure; and they are skilled task avoiders (e.g., 
forgetting crucial assignments, setting impossibly high or trivially low goals, and 
may even experience psychosomatic illness).  However, Jeeve has an average DM 
and DS which may compensate for the presence of the above characteristics. 
Asha 
Asha has high (9) DAA decile.  She has average SS and AS, above average 
SM, DM and AM; and well above average DS subscale scores.  Her high DS score 
means that Asha will tend to discover meaning by reading widely, interrelating new 
learning with previous relevant knowledge.  However, her SM and DM are also high 
scores and so she may be driven to meet minimal requirements or may at times be 
intrinsically interested in what is being learned to develop competence in particular 
academic subjects. 
Asha’s scale scores indicate that she has average SA, average AA, and well 
above average Deep learning profile with some tendencies for Deep Achieving.  
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This profile combines deep and achieving characteristics; she tend to be interested in 
searching for meaning and personal relevance but with a carefully organised and 
syllabus-oriented strategy to achieve high marks in the subject concerned.  She will 
most likely be a high performer and predominantly performs well academically. 
4.3.3.3 Case 1 learning approach summary 
Summarising the learning profiles above and as the comparative decile 
subscales show in Figure 4.6, Asha has the highest DAA scale (well above average) 
in a well above average Deep learning profile.  She may be driven by above average 
SM and DM subscales but this is also accompanied by a well above average AM.  
Deep Strategy (DS) approaches are used by Aylon (above average Deep (exclusive) 
profile), Boult (average Deep (exclusive) profile) and Asha, while indications are 
high for Shiloh (average Surface Achieving profile) and Jeeve (low Achieving 
Motivation profile) to develop their DM.  Shiloh also uses low DS but above 
average AM  Shiloh and Asha have healthy AA scales while the others can improve 
in these areas. 
In terms of the Deep and Achieving scales that contribute to their DAA, 
Asha has the highest combined deciles while at the same time, she has the highest 
SA.  Aylon, on the other hand, has the lowest SA but ranks second to Asha in terms 
of DAA.  Boult and Jeeve have the lowest DAA.  These learning approach 
characteristics are important to remember when answering Research Question 1 
posed in this study, namely: Do learner skill bases (learning approach and eductive 
ability) influence critical thinking within the proposed CoLeCTTE framework? If so, 
how? (Section 4.4.1). 
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Key SM: surface motive  SS: surface strategy  DM: deep motive 
DS: deep strategy  AM: achieving motive  AS: achieving strategy 
Figure 4.6. Case 1: SPQ equivalent decile – comparative subscales. 
4.4 Case 1 research questions: Analysis and results 
This section addresses the research questions for the Case 1 group.  It 
presents the results in relation to: learning approach and eductive ability influence on 
critical thinking (Section 4.4.1), and the influence of technological self-efficacy in 
critical thinking performance (Section 4.4.2).  For the former, the results will be 
presented in relation to CT frequency and CT ratio (CTR).  Five key points are 
presented which have been derived from the results following an analysis of data.  
Readers should refer to Table 4.4 for the legend of SPQ scales and subscales and 
Appendix H for CT cognition and metacognition codes, definitions and examples. 
4.4.1 Learning approach and eductive ability influences on critical thinking 
This section answers Research Question 1 for the Case 1 group namely, Do 
learner skill bases (learning approach and eductive ability) influence critical thinking 
Aylon Shiloh Boult Jeeve Asha 
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within the proposed CoLeCTTE framework? If so, how?  Web conferencing and 
face-to-face meetings (group work) were video-recorded, transcribed, coded and 
analysed.  Although there were 11 chat sessions or meetings where the group 
discussed and shared their project contributions, only four sessions where transcribed 
and coded as the group attendance at these times was complete and therefore, 
eliminated bias that may arise from differences in attendance frequency.  Two out of 
the four online meetings were facilitated by the lecturer.  Only one face-to-face 
meeting was conducted where all members of the group were in attendance with the 
lecturer moderating the discussion.  Transcripts of the web conferencing chat logs 
using the Vyew web conferencing tool and videos of the face-to-face meetings were 
coded and analysed using the CT Coder (Critical Thinking Coder) tool as described 
in Chapter 3, Section 3.5.2.1.   
It is noteworthy at this point to reiterate that this is a naturalistic case study 
approach and implicit intervention was used.  To allow for more authentic measures 
and profiles of critical thinking behaviour to be derived, full transcripts were coded 
so frequency of statements for the elementary clarification are expected to be 
significantly higher since these transcripts include all declarative statements, and 
trivial or social remarks.  This does not affect the interpretation of the results as 
elementary clarification is compared to other critical thinking categories (i.e., in-
depth clarification, inferences, justification and providing solutions).  In addition, the 
CT ratio or CTR (ratio between critical and non-critical thinking statements) was 
derived as measure of CT overall. 
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4.4.1.1 CT frequency and ratio, learning approach and eductive ability 
The results of individual SPQ profiles, scales and subscales for learning 
approaches, and APM measures of eductive ability were mapped against each 
individual’s demonstrated critical thinking behaviour (in terms of CT frequency and 
ratio) to determine differences in the group between these variables overall.   
The reader should refer to Table 4.3 for APM eductive ability percentiles, 
and Table 4.4 for SPQ profile, scale and subscale scores, and their definitions.  As 
provided in previous sections, corresponding participant values are also provided in 
graph data tables in the following sections. 
 
Key EC: elementary clarification  I: inference   S: strategy 
IC: in-depth clarification  J: judgement/justification 
Figure 4.7. Case 1: CT frequency according to DAA raw score and decile. 
CT frequency, learning approach and eductive ability.  First, by organising SPQ raw 
scores and deciles according to DAA values in Figure 4.7, one can see that Asha and 
Aylon, whose percentile rankings on APM measures of eductive ability are the 
highest (both are Grade II Definitely above the average), also have the highest DAA 
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raw score and decile (98/9 and 87/6, respectively).  The same pattern can also be 
seen at the lower end of the scale with Boult scoring lowest for both APM percentile 
(Grade III- Intellectually Average) and DAA raw score and decile (70/2).  Although 
Shiloh and Jeeve have similar eductive ability percentiles (Grade II Intellectually 
Average), Shiloh is seen to have a higher DAA raw score and decile (83/5) 
compared to Jeeve (72/2), noting that she has one of the highest AM subscales 
(24/8) in the whole group as previously stated (see Table 4.4, Figure 4.5 and Figure 
4.6). 
Second, the highest frequencies of critical thinking statements made during 
group work (i.e., sum of in-depth clarification, making inferences, providing 
justification and solutions) over non-critical thinking statements (i.e., elementary 
clarification) was exhibited mainly by Asha (92), Boult (70) and Shiloh (52) in 
Figure 4.7 and Table 4.5.  In terms of learning approach scales and subscales, note 
that Asha and Boult have a predominantly DA learning profile (10 - well above 
average and 4- average, respectively) and use mainly DS (see decile equivalents in 
Table 4.4, Figure 4.5 and Figure 4.6).  Further note, that in terms of learning 
strategy and motivation subscales, Asha has above average SM (9) but well above 
average AM (10) and average AS (7) subscales.  Shiloh on the other hand, has a 
Surface Achieving learning profile (with an average combined Achieving subscales 
of 7, highest in the group) with above average AM (8) and average AS (5) 
subscales.   
Lowest on the CT frequency ranking is Jeeve (25) with a Low 
Achievement Motivation profile, and although he has average DA (6) scale, and 
DM and DS (5 and 6) subscales, his AA scale is well below average (1, lowest in the 
group) with below average AM (2) and well below average AS (1).  Aylon follows 
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closely with the second lowest CT frequency of 37; note that he has an above 
average DM (9) and well above average DS (10) subscales but below average AM 
(2) and AS (2) subscales. 
Table 4.5  
 
Case 1: Summary of critical statements 
ID (Profile) DAA raw 
score/decile 
EC IC I J S CT Statements: 
Overall (IC+I+J+S) 
Boult (-/0/-) 70/2 106 42 11 5 12 70 
F2F  83 27 9 5 8 49 
Online  23 15 2 0 4 21 
 
Jeeve (0/0/-) 72/2 58 15 2 5 3 25 
F2F  36 10 1 5 3 19 
Online  22 5 1 0 0 6 
 
Shiloh (0/-/0) 83/5 143 30 5 8 9 52 
F2F  56 11 3 3 4 21 
Online  87 19 2 5 5 31 
 
Aylon (-/+/-) 87/6 55 25 5 4 3 37 
F2F  29 17 4 3 3 27 
Online  26 8 1 1 0 10 
 
Asha (0/+/0) 98/9 161 54 12 8 18 92 
F2F  125 49 10 8 16 83 
Online  36 5 2 0 2 9 
Key EC: elementary clarification  I: inference   S: strategy 
IC: in-depth clarification  J: judgement/justification 
F2F = face-to-face 
 
It would appear for this group that learners who have high DM and/or DS 
subscales are most likely to perform more critically as expected, as in the case of 
Asha.  Also, low AM and AS subscales are more likely to negatively influence 
critical thinking behaviour as in the case of Jeeve and Aylon, and more positively 
with high AM and AS as in the case of Shiloh and Asha.  The effect of learning 
approach on critical thinking frequency appears to be a function of the individual 
mix of motivation and strategy scales and subscales as seen for most but more so in 
   
CHAPTER 4 Case 1 Results and Analysis  121 
the case of Aylon, who appears to be an outlier because one might expect him to 
have a higher CT frequency.  In the case of Boult, who has the second highest CT 
frequency after Asha, note that he has rated lower on DM because he did not answer 
Question 38 of the SPQ, lowering his raw score and decile.  When data are adjusted 
to the maximum possible response of 5 on the SPQ answer sheet, the increase in the 
DM raw score and decile subscale (20/4) increases his classification from well below 
average to average.  However, his resulting DA (46/7) and DAA (75/3) scales are 
still within average and below average, respectively. 
CT Ratio, learning approach and eductive ability.  The CT frequency ordered 
according to DAA raw score and decile was presented in Figure 4.7 and the 
observations discussed above.  However, these do not clearly show if learners with 
comparatively higher Deep and Achieving learning approaches and strategies 
actually demonstrate a more positive CT ratio (CTR), that is, a measure of their 
critical thinking overall, and how they differ between online and face-to-face 
sessions.  Figure 4.8 shows each of the group member’s DAA mapped against their 
CTR.  In terms of combined CTRs (), Asha, Aylon (above average DAAs of 9 
and 6, respectively) and Boult (below average DAA of 2), show more positive 
results while Shiloh and Jeeve (average and below average DAA of 5 and 2, 
respectively) have more negative combined CTRs.  Overall, Asha, Aylon and Boult 
performed critically at higher levels than Shiloh and Jeeve. 
Comparisons of the individual spread between the average online and face-
to-face CTRs, as seen by the distance between triangle () and square () markers, 
respectively, show students (Asha and Aylon) that have more positive CTRs 
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(combined, online and face-to-face) and have the highest DAA and Deep learning 
profiles, demonstrate narrower spreads between online and face-to-face CTRs.   
 
Figure 4.8. Case 1: Group DAA deciles versus CTR – face-to-face, online and 
combined. 
Going back to the results of the APM (Table 4.3), Aylon and Asha also 
have the highest eductive ability (90% and 85%, respectively) compared to Shiloh 
(75%) and Jeeves (75%) as seen in Table 4.3.  Boult (eductive ability of 40%), who 
also has a Deep learning profile but low DAA (2) and DM (1), shows a wider spread 
of combined, face-to-face and online CTRs with online CTR being more positive.  
Jeeve (low Achieving Motivation and below average DAA of 2) and Shiloh 
(Surface Achieving learning profile and average DAA of 5) also show wider spreads 
in their respective CTRs.  Shiloh (average SA of 4 but above average AM of 8), on 
the other hand, is seen to make more positive CTRs online compared to the face-to-
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face and the converse is seen with Jeeve (average SA of 7 but above average AM of 
2).  It follows, therefore, that a higher AM will tend to have a more positive 
influence on a surface learner’s critical thinking performance online as seen in the 
case of Shiloh.   
The shift between online and face-to-face critical thinking in Case 1 appears 
to align with the study of Richardson and Newby (2006) who found that as students 
gain additional experience online, they would tend to become more strategic in their 
approach.  This means that students would tend to take more responsibility for their 
learning over time in online learning environments, a characteristic of Deep learners 
like Aylon and Asha.  In addition, one might interpret that because Shiloh has the 
second highest Achieving Motive in the group (after Asha), she may be driven to 
achieve good grades by increasing her participation online as opposed to face-to-face 
as this was the most frequent mode for the group to have meetings (face-to-face 
meeting was done only once) and which were attended by the Project Supervisor. 
 
Key Point 1 
These results suggest that learners who have a high AA and those with a DA (in 
particular, higher DS) will tend to make frequent critical thinking statements and 
more so, when DS is accompanied by a high Achieving Approach.  It appears that 
DAA measures tended to rank similarly with eductive ability measures amongst 
group members.  In terms of CTR, DA learners with high DAA will tend to perform 
better overall and similarly between online and face-to-face especially when they 
have a high DM.  Learners with a low DA but a higher AM will tend to perform 
better online.  Learners who have higher eductive ability are more likely to perform 
more critically overall (CTR).   
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Key Point 1 (cont.) 
Furthermore, the effect of learning approach on critical thinking frequency appears 
to be a function of the individual mix of motivation and strategy scales and 
subscales, that is, the individual learning profile.  Specifically, non-DA learners will 
not necessarily perform less critically in collaborative groups but will most likely do 
so when accompanied by a high AM in their profile. 
 
Types of critical thinking behaviour.  Beyond looking at the disparity of critical 
thinking behaviour between online and face-to-face, one can look at the type of 
critical thinking behaviour taking place; which can be better determined by looking 
at the frequency of non-critical (elementary clarification - EC) versus critical 
statements (giving in-depth clarification - IC, inferences - I, justification - J and 
solutions - S).  When data are organised according to the total of critical statements 
only, it can be seen that in-depth clarification is the most frequent critical thinking 
skill exhibited by the group (Table 4.5 and Figure 4.9).   
In general, it appears that Asha and Boult, who both have a DA learning 
profile and have Grade II+ Definitely Above the Average Intellectual Capacity and 
Grade III – Intellectually Average, respectively, demonstrate greater frequencies of 
in-depth clarification, providing inferences, justification and solutions (92 and 70, 
respectively).  It would also appear that Asha and Boult, who provided more 
frequent critical statements in the group, also exhibited the more positive CTRs  
(-0.27 and (-0.20) in their discussion.   
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Figure 4.9.  Case 1: Frequency totals of critical and non-critical thinking statements.  
However, Aylon who has Grade II Definitely Above the Average 
Intellectual Capacity, does not have as high a frequency in these areas but has a more 
positive CTR (-0.20) compared to Asha (-0.27) and equal to Boult (-0.20).  This 
means that the quality of his contribution is good even if not as frequent.  Note that 
although Boult has the lowest eductive ability (40) and below average DAA raw 
score and decile (70/2), he has a more positive CTR (0.20) like Aylon compared to 
the rest of the group, contributing solutions and engaging in critical discourse during 
group work.  Furthermore, even though Boult shows a wider spread between online 
and face-to-face CTRs, he is contributing higher levels of critical thinking online 
compared to Aylon (21 and 10, respectively) as shown in Table 4.5. 
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Key Point 2 
The results support the proposition that one may determine the quality and level of a 
student’s critical contribution to group work discussion based on their overall critical 
thinking performance (CTR), and that a weak relationship exists between DAA and 
the exhibition of higher levels of critical thinking behaviour.  The same is true for 
APM measures of eductive ability.  On the other hand, higher levels of critical 
thinking behaviour are seen in participants who have high SPQ measures of DAA 
and CTR. 
 
Once again, the findings beg the question of what this means when looking 
through the lens of surface, deep and achieving learning approaches.  As shown in  
Table 4.4 and referring to Table 4.5, Boult, Aylon and Asha, who all have deep 
learning profiles, also shared more critical thinking comments in the face-to-face 
versus online.  On the other hand, Shiloh and Jeeve, who have more surface learning 
profiles, exhibited lower F2F critical thinking.  Asha and Shiloh, who have the 
highest achieving learning profile in the group, exhibited critical thinking at higher 
levels online. 
 
Key Point 3 
The data support the findings that Deep learners are likely to exhibit higher level 
critical thinking behaviours face-to-face while the opposite will be true for learners 
with high SM and Low Achievement Motivation or surface learners.  One may 
interpret this against the Deep learner who would have a higher strategic profile.   
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Key Point 3 (cont.) 
In addition, a high achieving learning profile will most likely have a positive 
influence on the level of critical thinking especially when motivation to excel in 
front of the teacher is the driver.  So far from the results above, it appears that 
performance at higher levels of critical thinking is a function of the mix of high CTR 
and/or high eductive ability, DAA, DA and AM characteristics. 
 
4.4.1.2 Metacognition, CT frequency and ratio, learning approach and eductive 
ability 
Metacognition was also exhibited by members of the group overall with 
Asha (34), Boult (32), Shiloh (27), Jeeve (18) and Aylon (9) ranking from highest 
to lowest frequency overall across metacognitive knowledge and skills (see Table 4.6 
and Figure 4.10).  When data are compared with the total frequency of critical 
statements (see Table 4.5), there is a greater likelihood that those participants with 
higher CT frequency (Asha, Boult, Shiloh) have a greater likelihood making an 
explicit metacognitive statement for both knowledge and skills accordingly.   
However, it would appear that in terms of ranking according to CTR, the 
results are not the same.  CTR ranking shows Aylon (-0.20), Boult (-0.20) and Asha 
(-0.27) in this order, but Aylon exhibits the lowest explicit metacognitive behaviour 
overall compared to Asha and Boult (9, 34 and 32, respectively).  It also appears that 
learners who have a high AM subscale are more likely to exhibit metacognition 
explicitly as in the case of Asha (34) and Shiloh (27) but not necessarily for deep 
learners as in the contrasting cases of Asha (34) and Aylon (9).   
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Table 4.6 
Case 1: Summary of explicit metacognitive statements 
 
KP KS KT SE SP SR SSA 
Individual 
Totals 
Jeeve  
(-0.40)  
(70/2) (0/0/-) 
(75) 
 
2 
 
7 2 
 
7 18 
F2F 
      
2 2 
Online 
 
0 2 0 7 2 0 5 16 
Aylon  
(-0.20)  
(87/6) (-/+/-) 
(85) 
  
1 1 2 
 
5 9 
F2F 
    
1 
 
3 4 
Online 
    
1 1 
 
2 4 
Shiloh  
(-0.47)  
(83/5) (0/-/0)  
(75) 
1 4 3 2 6 1 10 27 
F2F 
 
1 
   
1 1 3 
Online 
 
1 3 3 2 6 0 9 24 
Boult  
(-0.20)  
(70/2) (-/0/-)  
(40) 
1 3 7 2 13 1 5 32 
F2F 
 
2 2 2 7 
 
5 18 
Online 
 
1 1 5 0 6 1 0 14 
Asha  
(-0.27)  
(98/9) (0/+/0)  
(90) 
1 4 5 1 11 2 10 34 
F2F 1 4 4 
 
10 2 5 26 
Online 0 0 1 1 1 0 5 8 
Total (F2F and Online) 3 13 16 13 34 4 37  
Key KP: knowledge - person KS: knowledge - strategy KT: knowledge - task 
SP: skill - evaluation  SP: skill – planning  SR: skill - regulation 
F2F = face-to-face     SSA: skill – self-awareness 
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Key KP: knowledge - person KS: knowledge - strategy KT: knowledge - task 
SP: skill - evaluation  SP: skill – planning  SR: skill - regulation 
      SSA: skill – self-awareness 
Figure 4.10. Case 1. Frequency totals of explicit metacognition. 
A review of individual SPQ profiles and eductive ability show that they do 
not differentiate participants in terms of their explicit metacognitive statements if 
one looks at the ranking above and considers Boult who has below average DAA 
(2), Deep learning profile and Grade III eductive ability, and Shiloh with average 
DAA (5), surface learning profile but with above average AM (8) and Grade II 
eductive ability.  What the results parallel is the finding that Asha, Boult and Shiloh 
(who provide more critical statements such as in-depth clarifications, making 
inferences, providing justifications for their statements and offering solutions to 
problems) also make explicit metacognitive statements (see Table 4.5 and Table 4.6).  
In particular, they make explicit metacognitive statements that demonstrate evidence 
of organising steps needed and prediction of what is likely to happen (SP – 
metacognitive skills in planning), being able to identify, decipher and interpret 
correctly the feeling and thoughts connected with a given aspect of the task (SSA - 
skill of self-awareness) and showing an awareness of one's approach to a cognitive 
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task (KT – knowledge of the task).  Asha, Boult and Shiloh show the highest 
frequency of explicit metacognitive statements made overall.   
A further analysis of the transcripts was undertaken to draw out implicit or 
non-explicit metacognition (NEM) described in Chapter 2.  From Table 4.7 and 
Figure 4.11, the individual ranking of frequency of non-explicit or implicit 
metacognitive statements coincides with more explicit statements of metacognition.  
These statements imply evidence of organising steps needed and prediction of what 
is likely to happen (NEM SP – metacognitive skills in planning), being able to 
identify, decipher and interpret correctly the feeling and thoughts connected with a 
given aspect of the task (NEM SSA - skill of self-awareness) and showing an 
awareness of one's approach to a cognitive task (NEM KT – knowledge of the task).  
Asha, Boult, and Shiloh show the highest frequency overall (28, 14, 14, 
respectively). 
 
Key Point 4 
Inferred from these data, the more critical statements that students make, the more 
chances there are of the students thinking metacognitively and, therefore, exhibits 
this explicitly or non-explicitly or in an implicit manner.  CTR and eductive ability 
will likely not differentiate explicit and non-explicit or implicit metacognitive 
behaviour.  Individual SPQ profiles (DAA) are not likely to differentiate participants 
in terms of their explicit metacognitive statements, regardless of whether participants 
have high Deep profiles with high DM deciles or subscales.  However, a high AM 
decile or subscale appears to influence towards higher metacognition. 
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Table 4.7 
Case 1: Summary of implicit or non-explicit metacognitive statements (NEM) 
 
NEM  
(KP) 
NEM  
(KS) 
NEM  
(KT) 
NEM  
(SE) 
NEM  
(SP) 
NEM  
(SR) 
NEM  
(SSA) 
Individual 
Totals 
Jeeve  
(-0.40)  
(70/2) (0/0/-) 
(75) 
1 
 
4 2 1 
  
8 
F2F 1 
 
0 2 1 
  
4 
Online 
 
0 
 
4 0 0 
  
4 
Aylon  
(-0.20)  
(87/6) (-/+/-) 
(85) 
    
1 
  
1 
F2F 
    
1 
  
1 
Online 
     
0 
  
0 
Shiloh  
(-0.47)  
(83/5) (0/-/0)  
(75) 
1 
 
4 1 5 1 2 14 
F2F 0 
 
1 0 0 0 1 2 
Online 
 
1 
 
3 1 5 1 1 12 
Boult  
(-0.20)  
(70/2) (-/0/-)  
(40) 
  
6 1 2 
 
5 14 
F2F 
  
5 1 1 
 
5 12 
Online 
   
1 0 1 
 
0 2 
Asha  
(-0.27)  
(98/9) (0/+/0)  
(90) 
2 
 
7 1 13 2 3 28 
F2F 2 
 
5 1 7 2 2 19 
Online 0 
 
2 0 6 0 1 9 
Total (F2F and 
Online) 
4 0 21 5 22 3 10  
Key KP: knowledge - person KS: knowledge - strategy KT: knowledge - task 
SP: skill - evaluation  SP: skill – planning  SR: skill - regulation 
F2F = face-to-face  NEM: non-explicit metacognition SSA: skill – self-awareness 
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Key KP: knowledge - person KS: knowledge - strategy KT: knowledge - task 
SP: skill - evaluation  SP: skill – planning  SR: skill - regulation 
F2F = face-to-face  NEM: non-explicit metacognition SSA: skill – self-awareness 
Figure 4.11. Case 1: Frequency totals of implicit or Non-explicit Metacognition 
(NEM). 
4.4.2 Influence of technology in critical thinking performance 
This section answers Research Question 2 namely, Do learning 
technologies influence the acquisition of deep learning and critical thinking within 
the proposed CoLeCTTE framework? If so, how?  As described in Chapter 3, the 
Online Technologies Self-efficacy Scale (OTSES) was used as a measure of the 
participant’s own perception of their level of confidence and competence when it 
comes to using the internet and online technologies for both synchronous and 
asynchronous interactions.  As discussed in Section 4.3.1, the overall self-perception 
of technological confidence is high amongst the group with 80% considering 
themselves better than most students with using technology and even more so for 
their individual confidence levels (very confident) across all items for both 
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synchronous and asynchronous interaction.  The Vyew web conferencing system 
used by this group belongs to Synchronous and Asynchronous II type technology. 
Note that, Asha was the only one in the group who had a singular access to 
computers, and Shiloh who was the only one that considered her level of confidence 
the same as most students.  Both were performing critically at a higher level online 
compared to the face-to-face, with the latter having a wider spread.  Boult, Jeeve 
and Aylon rated themselves highly on OTSES but which were inconsistent with their 
CTR, as can be seen wide and narrow spreads of their face-to-face and online CTRs 
in Figure 4.8.   
 
Key Point 5 
One can infer that for this group, technological self-efficacy does not seem to 
influence the CTR or critical thinking performance during group work in a 
technology-enabled learning environment. 
4.5 Case 1 summary 
Five key points relating learning to eductive ability, learner approaches and 
strategies influencing critical thinking have been presented.  In addition, the 
influence of technological self-efficacy in critical thinking performance was also 
discussed.  A summary of the discussion is presented in the Table 4.8. 
The relationships between technological self-efficacy, eductive ability and 
learning approaches with critical thinking performance has been explored, along 
with limited findings on how individual technological self-efficacy may have 
influenced such performance.  However, learner perceptions of their experience 
within the ColeCTTE environment needed to be further explored to confirm the 
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findings so far and determine if there were other factors that might have influenced 
critical thinking behaviour.   
Table 4.8 
Summary of Findings for Case 1 
Key Points Findings (online and face-to-face) 
1 Frequent critical thinking behaviour 
 It appears that DAA measures tended to rank similarly with eductive 
ability measures amongst group members. 
 Participants who had a high AA and those with a DA (in particular, 
higher DS) tended to make frequent critical thinking statements 
and more so, when DS was accompanied by a high Achieving 
Approach.   
 Critical thinking frequency appears to be a function of the individual 
mix of motivation and strategy scales and subscales, that is, the 
individual learning profile, with a high AM made participants 
perform more critically in collaborative groups. 
 
Critical thinking ratio (CTR) 
 Participants with higher DAA tended to perform better overall and 
similarly between online and face-to-face, especially when they had a 
high DM.   
 Deep learners (particularly with high DS and/or DM), tended to have 
a more positive CTR.   
 Participants with a low DA but a higher AM tended to perform better 
online.   
 Participants who had higher eductive abilities were more likely to 
perform more critically overall.   
 
2 Performance at higher levels (types) of critical thinking 
 One may determine the quality and level of a participant/student’s 
critical contribution to group work discussion based on their overall 
critical thinking performance (CTR). 
 A weak relationship existed between DAA, APM and eductive ability 
and the exhibition of higher levels of critical thinking behaviour. 
 Higher levels of critical thinking behaviour were seen in participants 
with high SPQ measures of DAA and CTR. 
 
3 Surface, deep and achieving profiles 
 Deep learners in this study, especially with a high DS, were more 
likely to exhibit higher levels critical thinking behaviours face-to-face 
while the opposite was true of participants who were Surface learners 
or those that had high SM and Low Achievement Motivation. 
 A high achieving learning profile was most likely to have a positive 
influence on the level of critical thinking especially with a high AM.   
 It appears that performance at higher levels of critical thinking was a 
function of the mix of high CTR and/or high eductive ability, DAA, 
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Key Points Findings (online and face-to-face) 
DA and AM characteristics. 
 
4 Explicit and implicit or non-explicit metacognition (NEM) 
 The more critical statements that participants made, the more chances 
there were of the participants thinking metacognitively and, therefore, 
exhibited this explicitly or non-explicitly or in an implicit manner.   
 CTR and eductive ability were not likely to differentiate explicit and 
non-explicit or implicit metacognitive behaviour.   
 Individual SPQ profiles (DAA) were not likely to differentiate 
participants in terms of their explicit metacognitive statements, 
regardless of whether they had high Deep profiles with high DM 
deciles or subscales.  However, a high AM decile or subscale 
appeared to influence towards higher metacognition. 
 
5 Influence of technology 
 Technological self-efficacy did not seem to influence the CTR or 
critical thinking performance during group work in a technology-
enabled learning environment. 
 
Technology interaction with the way groups approached their learning tasks 
needed to be explored.  The researcher felt that participants’ perceptions in terms of 
the extent to which technology influenced their learning could further explain the 
nature of critical thinking performance taking place within the CoLeCTTE 
framework.  Insights were needed in relation to how participants felt about differing 
learning approaches and if these affected group work.  Case 2 in Chapter 5 provided 
the opportunity for such in-depth exploration through the addition of qualitative 
approaches (i.e., semi-structured participant interviews and observations of group 
work behaviour).   
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CHAPTER 5. Case 2 Results and Analysis 
5.1 Overview of chapter 
This chapter was aimed at confirming the findings in Case 1 using the same 
proposed CoLeCTTE framework and to perform more in-depth analysis of results.  
Research Questions 1 and 2 are addressed, as listed in Section 2.6 in relation to Case 
2 Industrial Electrical Power Distribution: Do learner skill bases (learning approach 
and eductive ability) influence critical thinking within the proposed CoLeCTTE 
framework? If so, how? and Do learning technologies influence the acquisition of 
deep learning and critical thinking within the proposed CoLeCTTE framework?, If 
so, how?  Research Question 3 will also be addressed: How might learning be 
designed to facilitate the acquisition of deep learning and critical thinking within a 
technology-enabled collaborative environment? 
Volunteers were drawn from the Industrial Electrical Power Distribution 
postgraduate class.  The researcher provided information about the research project 
to the class regarding the purpose and expectations from volunteers prior to soliciting 
their participation.  Two within-class groups volunteered to participate (n = 7, 64%) 
out of N = 11 (Cases 1, 2 and 3 N = 11% of total target population in Section 
3.3.2.1).  Industrial Electrical Power Distribution was an elective subject in the 
Engineering Faculty.  It adopted interactive strategies focussed around authentic 
learning experiences.  The student cohort met the sampling frame identified for the 
study and met the participant and activity selection criteria as discussed in Section 
3.3.2.1.  The groups were provided with the appropriate technologies, EDSA Power 
Analytics modelling tool (EDSA) and Tablet PC, which they used to support their 
group work activities.  Raven’s APM Sets I and II (Raven, Raven, & Court, 
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Advanced progressive matrices, 1998), OTSES (Mistler-Jackson & Songer, 2000) 
and Study Process Questionnaire (Biggs, 1987) as described in Chapter 3, were 
implemented to gather profile data.  This chapter presents the results and begins with 
a discussion of the case context (Section 5.2.1) and descriptive profile analysis of the 
participants (Section 5.3) followed by the findings and analysis related to the 
research questions in the study (Section 5.4), and the case summary of findings for 
readers that do not want to read the full chapter (Section 5.5).  
5.2 Case 2: Design of learning tasks and application of the proposed 
CoLeCTTE framework 
The proposed CoLeCTTE framework was implemented in the instructional 
design of Case 2 Industrial Electrical Power Distribution.  In order to understand 
how this was operationalised, a discussion according to the processes of the 
framework is presented.  
5.2.1 Case 2: Define, design and develop  
As with Case 1, Case 2 Industrial Electrical Power Distribution had students 
work in groups and due to the course design, learning tasks were conducted face-to-
face.  This postgraduate course aimed to provide students, who are practising 
engineers, with the underlying principles and working knowledge of safe and reliable 
industrial electrical systems to support long-term business success.  The course 
roadmap (Figure 5.1), designed by the researcher in consultation with the Course 
Facilitator, illustrates the learning progression towards the acquisition of industrial 
electrical power distribution system concepts and skills.   
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Figure 5.1. Case 2: Industrial Electrical Power Distribution roadmap. 
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This 40-hour intensive course consisted of two blocks: Block A 
presentations and discussions focused on Modules 1 to 6 and Block B focused on 
applying the concepts learned in Block A, presentations and activation of Module 7.  
As students progressed from Block A to B, they completed a series of learning tasks 
and activities (assessed and non-assessed).  These activities culminated in a capstone 
activity in the form of a whole-of-system design on Day 5, Week 4.  Activity 7.1, 
called EDSA Model of an Industrial Power System, required students to create an 
accurate working model of an industrial power system that illustrated all the 
significant aspects of a typical power distribution system.  After consolidating their 
individual results into a group model, members worked to conduct a harmonic 
analysis to assess compliance with the relevant standard, improved the system design 
to achieve harmonic compliance and then developed an earth grid design for the 
system. 
The researcher was engaged as the Learning Designer for this course and 
worked with the Course Facilitator to design and develop the program.  Role conflict 
was not considered to be an issue as the researcher provided support in terms of 
course design and development.  Courses and activities were designed by the 
researcher with the Course Facilitator, in two steps: 
1. Defined the course outline, designed the course and planned the delivery  
2. Ensured that the instructional design of learning tasks and activities, and 
integration of collaborative technologies, aligned with the CoLeCTTE 
framework.  As with Case 1, the researcher achieved this through an 
initial assessment of the suitability of the course for inclusion in the 
study.  The researcher offered an invitation to the Course Facilitator to 
participate and objectives of the research explained.  The researcher and 
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Course Facilitator discussed the activity design strategies to incorporate 
the proposed CoLeCTTE framework and its various processes.  
 
Since this course was mainly face-to-face, the distance or proximity of 
group members was not an issue.  Technology was used in this course purely to 
support their group work activities.  The Tablet PC (group) and EDSA (on individual 
PCs) were the collaborative systems used by the groups in this class.  Case 2 groups 
were taught how to use Tablet PC on Day 1 and then EDSA as part of Activity 7.1 
and prior to conducting sub-activities 7.1.6 and 7.1.7.  The Tablet PC (Figure 5.2) is 
a notebook that allows users to share their screen due to its rotating display monitor, 
and multi-touch functionality allowing users to write, draw and erase with a pen.  As 
this is essentially a laptop, users were familiar with how to use and connect it to the 
classroom projector when needing to share group work with the class (Hewlett 
Packard, 2008).   
 
Figure 5.2. HP Pavilion tx2500z Entertainment Notebook (Hewlett Packard, 2008). 
EDSA is an electrical power systems modelling platform optimized for on-
line deployment.  Power systems models can be easily modified to operate in “live 
mode”.  It has a team-based architecture where a master model can be concurrently 
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shared and simultaneously used by multiple members of the team (Figure 5.3) 
(EDSA Micro Corporation, 2007).  In terms of this study, the EDSA is a both a 
Synchronous and Asynchronous II type technology. 
 
Figure 5.3. Example of substation grounding grid design model (EDSA Micro 
Corporation, 2007) 
5.2.2 Case 2: Activate and initiate 
Prior to the first day of the face-to-face delivery, students were required to 
complete a pre-delivery reading and assignment which was to engage in a discussion 
forum for the purpose of closing any prior knowledge gaps as these were practising 
engineers coming from different power engineering fields.  As this was a short 
intensive course designed for busy working engineers, students were not normally 
on-campus and arrived on Day 1 of the course.  As such, they could only be expected 
to access the Tablet PC and EDSA during the course, which was Day 1 and Day 5 
(Day 5 of the course is actually on the third week of the delivery program).  Day 1 
was initiated by the Course Facilitator engaging in a discussion of student 
expectations, establishing an understanding with the students on what was to be 
learned, outlining the course and discussing the group work activities and expected 
outcomes.  Throughout the course, students worked on completing seven group 
activities.  Demonstration and instructions on how to use the Tablet PC was provided 
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on Day 1, while EDSA was learned on Days 4 and 5 as the topic itself was learning 
how to use EDSA and then use Activity 7.1 to apply what they learned. 
5.2.3 Case 2: Task performance 
The EDSA Power Analytics modelling tool required for Activity 7.1, the 
main activity from which data were gathered for this study, was very specific and of 
a technology standard used in industry.  Activity 7.1 was specifically designed with 
industry input to teach the students how to use this tool.  It was made up of a series 
of industry-related sub-activities (Activity 7.1.1 – 7.1.6) where groups were asked to 
create an accurate working model that illustrated all the significant aspects of a 
typical power distribution system.  For confidential reasons, the full industry-
developed handout used for Activity 7.1 cannot be provided in this document. 
Specifically, the sub-activities of harmonic analysis and earthing design 
(Sub-activities 7.1.5 and 7.1.6) were used in this study: 
 Sub-activity 7.1.5: Correctly explain the behaviour of the harmonic 
currents and voltages in the circuits. 
 Sub-activity 7.1.6: Correctly design the earth grid, firstly with a solidly 
earthed design, and then note and comment on the differences to earth 
grid design for neutral resistance earthing.  
 
Sub-activities 7.1.5 and 7.1.6 are complex and authentic case-
based/problem-based activities that required students to engage in critical tasks (see 
Section 3.3.2.1, p. 73 for characteristics of critical thinking behaviour).  Therefore, 
implicit intervention for extracting critical thinking behaviour was applied.  Like 
Case 1, the instruction in relation to critical thinking performance during group work 
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was non-explicit and non-prescriptive.  It was expected that critical thinking 
behaviour could be educed because participants needed to explain the behaviour of 
the harmonic currents and voltages in the circuits, and in trying to correctly design 
the earth grid, discuss and identify the differences to earth grid design for neutral 
resistance earthing. 
5.2.4 Case 2: Delivery of outcomes  
Electrical power generation, distribution and earthing systems perform an 
essential role in the safety, productivity and profitability of any industrial process or 
generating plant.  Whether designing new or changing existing power systems, good 
engineering practice is important for safe and reliable power distribution for these 
high energy plants.  This course provided the theoretical and practical knowledge 
required to understand the designing, testing and maintenance of power distribution 
and earthing systems in an industrial or generating plant.  The generic learning 
outcomes consisted of acquiring higher-order analysis and critical thinking pertinent 
to a particular discipline area; defining and solving problems in a discipline area; 
retrieving, evaluating, and applying relevant information, knowledge and skills; and 
being able to discuss issues and provide technical input to projects, and work 
independently or collaboratively.  The contextual learning outcomes and assessment 
items were very much work-based learning and directly relevant to power engineers 
working in the distribution and protection of electricity.  These are described in the 
course outline developed in consultation with the Course Facilitator who is an 
industry-based professional consultant appointed by the program to deliver the 
course (Appendix L).  Each of the activities were targeted to achieve these outcomes, 
and were mapped against assignments and graded activities, namely: selection of 
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cables with radial configuration, design of a simple LV earthing system, conversion 
of a wind farm single line diagram from actual to per unit values; technical report 
related to the selection of cables with cascaded configuration; provide an asset 
management for disaster mitigation solution; and complete the EDSA Model of 
Industrial Power System. 
5.3 Profile of participants in the study 
There were two groups comprising four members in Group 1 (Ajax, Gaeg, 
Daruk and Kaih) and three members in Group 2 (Janos, Mack and Daryl) who 
volunteered to participate in the study.  Technological self-efficacy, eductive ability 
and learning approach were measured using OTSES, APM, and SPQ, respectively, 
in order to determine the natural skill bases of participants in Case 2 as in Case 1.   
5.3.1 Technological self-efficacy (OTSES) 
The first of these findings are the results of the OTSES questionnaire which 
indicate that Group 1 is generally very confident with the use of Internet and 
Asynchronous I computer technologies on a Likert rating scale (VC = very 
confident, SC = somewhat confident, NVC = not very confident, NCAA = not 
confident at all) (see 0 or Section 3.5.1.2 for description of technology types).  
However, responses were spread across the scale for using Synchronous and 
Asynchronous II type technologies.  Group 2, considered themselves very confident 
with the use of Internet, Synchronous and Asynchronous I and II computer 
technologies.  The overall group confidence for all technology types is shown in 
Figure 5.4.   
Overall, participants in this class rated average in terms of their confidence 
interacting and using Synchronous and Asynchronous II type technologies and very 
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confident to confident with Asynchronous I and Internet interaction, respectively.  
Gaeg felt he was not confident at all and Ajax felt not very confident when it came 
to using Synchronous and Asynchronous II type technologies.   
 
Figure 5.4. Case 2: OTSES results – overall group confidence according to 
technology type for Groups 1 and 2. 
Overall, 75 per cent (one out of four participants) of Group 1 considered 
themselves same as most students with using computer technology as a learning tool 
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and 100 per cent of Group 2 rated themselves as better than most students.  It was 
expected that these participants would be confident considering that engineering is a 
technical discipline and most had access to home and work computers (Table 5.1).   
Table 5.1 
Case 2: Types of computer access for Groups 1 and 2. 
Computer labs Home computer Work computer Other 
0 7 7 0 
 
Gaeg, was the only one who felt he was the “less confident than most 
students”.  All members of Groups 1 and 2 were new to the Tablet PC and EDSA but 
were familiar with what it was capable of doing, except for Mack who had some 
experience in using EDSA once in the past.  As expected, the groups did not have 
problems using the Tablet PC and EDSA once they completed Activities 1 – 6 which 
allowed them to learn and become familiar with the tools and functionalities. 
5.3.2 Eductive ability (APM) 
In terms of their eductive ability, the results of Raven’s APM Sets I and II 
scale show that these groups had definitely above average to intellectually superior 
general cognitive ability or aptitude for problem solving.  Gaeg, Kaih, Daruk 
(Group 1), Mack and Daryl (Group 2) belong to the top norm with GI Superior 
Intellectual Capacity, while Ajax (Group 1) and Janos (Group 2) show GII+ 
Definitely Above Average Intellectual Capacity (Table 5.2).  The group would be 
classified collectively as high (see Appendix D) when measured against the 
Australian norm (Raven, Raven, & Court, 1998, p. APM96) and if we assume that a 
percentile of 50 was average. 
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Table 5.2 
Case 2: Raven’s APM Sets I and II results for Groups and 2 
Participant APM 28 Norm classification 
of intellectual capacity 
APM Set I APM Set II Percentile 
Group 1: 
Ajax Grade II+ Definitely Above the 
Average  
12 29 91 
Gaeg Grade I Superior  12 32 97 
Daruk Grade I Superior  11 34 100 
Kaih Grade I Superior  12 39 100 
Group 2: 
Janos Grade II Definitely Above the 
Average  
12 28 87 
Mack Grade I Superior  11 33 99 
Daryl Grade I Superior  12 33 99 
 
5.3.3 Learning approach (SPQ) 
This section will be presented in two parts, results of the group learning 
approach (Section 5.3.3.1) and the individual learning approaches and profiles 
(Section 5.3.3.2).  To assist the readers, a key is provided at the bottom of most 
tables and graphs to assist with interpreting acronyms for SPQ motive and strategy 
raw scores and deciles in the following discussions on learning approaches.  In 
addition, corresponding participant values are provided under graphs as data tables in 
this chapter.   
5.3.3.1 Group learning approach 
Table 5.3 summarises the learning approaches of the Case 2 groups 
showing the SPQ scales, subscales and respective profiles (refer to Section 3.5.1.3 
for an explanation of scale and subscale raw scores and deciles).  Briefly, Table 5.3 
presents the raw score over the equivalent decile value (e.g., 82/4) with symbols  
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(+, 0 and –) for each of the six subscales (SM, SS, DM, DS, AM and AS) and three 
scales (SA, DA and AA) which are the corresponding symbols that define individual 
profiles (Appendix F).  These interpretations are based Bigg’s SPQ Manual (1987). 
Table 5.3 
Case 2: SPQ raw scores and deciles for Groups 1 and 2 
Name 
Scales 
Raw score/ 
Decile 
Deep 
Achieving 
Approach 
(DAA) Raw 
Score/Decile 
Subscales and Profile 
Raw score/ 
Decile 
Self- 
comparison 
with other 
students 
SA DA AA SM SS DM DS AM AS 
Group 1: 
Ajax 42 49 35 84 23 19 24 25 15 20 Average 
4 8 3 5 7 3 7 8 2 5 
(0 + -)  (0 - 0 + - 0)  
Daruk 36 36 27 63 16 14 31 31 12 14 Above 
average 3 2 1 1 3 2 3 2 4 1 
(- - -)  (- - - - 0 -)  
Gaeg 30 62 26 88 16 14 31 31 12 14 Average 
1 10 1 6 2 1 10 10 1 2  
(- + -)  (- - + + - -)  
Kaih 27 43 41 84 13 14 20 23 22 18 No 
answer 1 5 5 5 1 1 4 6 6 4 
(- 0 0)  (- - 0 0 0 0)  
Group 2: 
Daryl  3 52 44 96 20 17 25 27 26 18 Above 
Average 3 9 7 8 4 2 8 9 9 4 
(- + 0)  (0 - + + + 0)  
Janos 41 48 33 81 26 15 21 27 16 17 No 
answer 4 7 2 4 9 1 5 9 2 3 
(0 0 -)  (+ - 0 + - -)  
Mack  37 53 36 89 25 12 24 29 22 14 No 
answer 3 9 3 6 8 1 7 10 6 2 
(- + -)  (+ - 0 + 0 -)  
Key SM: surface motive + SS: surface strategy = SA: surface approach 
DM: deep motive + DS: deep strategy = DA: deep approach 
AM: achieving motive + AS: achieving strategy = AA: achieving approach 
DA + AA = DAA: deep achieving approach 
 
The SPQ scales indicate that these groups have a collective Deep Achieving 
Approach (DAA) raw score of 79.75 and a decile of 4.25 decile which is classified 
as average for Group 1, and an average raw score of 88.67 and decile of 6.00 for 
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Group 2 (Figure 5.5).  Generally, the scales scores indicate that Group 1 has a Deep 
Approach (DA) learning approach with an average raw score of 6.25 and Group 2 
showing the same learning approach but with an above average raw score of 8.33 
(see Figure 5.5 below).  In terms of subscale scores, Group 1 has average subscale 
score for Deep Motive (DM - 6.00) and Deep Strategies (DS - 6.50) while Group 2 
has  6.67 and 9.33 (well above average), respectively, as shown in Figure 5.6.   
 
Figure 5.5. Case 2: SPQ equivalent decile – scales for Groups 1 and 2. 
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Key SM: surface motive  SS: surface strategy  DM: deep motive 
DS: deep strategy  AM: achieving motive  AS: achieving strategy 
Figure 5.6. Case 2: SPQ equivalent decile – subscales for Groups 1 and 2. 
As with Case 1, this means that at the group level, Case 2 groups will tend 
to collectively use appropriate strategies such as reading more widely and using 
extensive resources to achieve their group objectives, and are expected to be 
intrinsically motivated as opposed to aiming for just passing a mark.   
The interviews of Ajax, Daruk, Gaeg, Mack and Daryl indicated these 
behaviours.  For example, Daruk explained, “After reading from a book, one can try 
as much as possible to get the information again.  In a discussion if one discusses it 
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and does not understand it, one can have it rephrased in different ways”.  Another 
comment Daruk made was, “Sometimes you need to go through the information 
several times to get you up to speed…I guess the group we were good enough… we 
were each putting in a little bit well enough to know how to make it work”.   
In particular, going beyond the task became evident during the group 
activity for Group 2 when participants decided to pull out their calculator (Daryl) 
and what they thought was a relevant work document, as well as showing the class 
an alternative solution (Mack) other than what was being shown by the Course 
Facilitator.  Although, Surface Approach (SA) across Groups 1 and 2 is below 
average (2.25 and 3.38, respectively) and Achieving Approach (AA) is below 
average (2.5 and 4.00, respectively) overall, indicating that these groups, especially 
Group 1 could benefit from being taught more achieving and effective approaches 
such as time management and using suggested readings.   
A better understanding of what contributes to collective behaviour is 
achieved when looking at the individual contributions to these averages.  Referring 
back to Table 5.3, the expanded and contracted profiles of each group member are 
interpreted in the next section. 
5.3.3.2 Individual learning approaches and profiles 
The reader is reminded once again that learning approaches are 
predispositions for adopting processes that determine the outcome of learning (see 
Section 2.3.3.2).  As with Case 1, Case 2 measures of SPQ scales, subscales can be 
interpreted into individual learning approach profiles according to Biggs (1987) as 
summarised in Table 5.3. 
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Group 1 
Daruk 
Daruk has a below average (1) DAA decile.  He has a below average SM 
and SS; below average DM and DS; average AM; and well below average AS 
subscale scores.  His highest score is for AM which means he may use competition 
to enhance ego and self-esteem. 
His scale scores show below average SA and DA, well below average AA.  
His below average Surface Achieving profile indicates that he wants to do well but 
he adopts a SA to do so, and is usually unsuccessful, although his highest subscale is 
AM.  This may also indicate that he is ambitious, however, the AA scale is limited in 
Daruk’s case because of his low AS.  He may have a good academic self-concept 
and may perform well in formal examinations but is limited by the low AS. 
Gaeg 
Gaeg has an average (6) DAA decile.  He has well below average SS and 
AM; below average SM and AS; well above average DM and DS subscale scores.  
His high DM means he will most likely have an intrinsic interest in what is being 
learned and to develop competence in particular academic subjects.  His high DS 
means he generally discovers meaning by reading widely, interrelating this with 
previous relevant knowledge. 
His scale scores show a well above average DA and well below average SA 
and AA. He belongs to the category of well above average Deep (exclusive) profile 
which is not good for attainment as Deep (predominant) and Deep Achieving 
learners because he will tend to define his own goals and pursue these his own way 
and so it is best for him to acquire an AA. 
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Kaih 
Kaih has an average (5) DAA decile.  He has below average SM and SS; 
and average DM, DS, AM and AS with higher subscale scores for DS and AM.  This 
indicates that Kaih should have an intrinsic interest in what is being learned and will 
want to develop competence in particular academic subjects; and may be motivated 
to enhance his ego and self-esteem through competition; to obtain the highest grades, 
whether or not the material is interesting. 
His scale scores show well below average SA, average DA and AA, and 
therefore, can be categorised as average Deep Achieving profile.  This profile 
combines Deep and Achieving characteristics: interest in searching for meaning and 
personal relevance but with a carefully organised and syllabus-oriented strategy to 
achieve high marks in the subjects concerned; and would likely be a high performer 
and predominantly performs well academically. 
Ajax 
Ajax has an average (5) DAA decile.  He has a below average SS and AM; 
average SM, DM and AS; and above average DS subscale scores.  Ajax also has a 
higher SM with lower AS and so is considered a “low need achiever”, that is, motive 
to avoid failure (SM) is stronger than the need to achieve success (AM).  When low 
AM is accompanied by a high SM approach, people can be highly defensive when 
competence is being publicly evaluated; their greatest fear is the loss of face 
resulting from failure, they are skilled task avoiders such as “forgetting crucial 
assignments, setting impossible high or trivially low goals, even experience 
psychosomatic illness” (Biggs, 1987, p. 16). 
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However, Ajax scales scores show an above average SA, above average 
DA and below average AA.  He has an above average Deep learning profile but 
his SM is the same as his DM.  This may counter the Deep characteristics of intrinsic 
interest in what he is learning or developing competence in particular academic 
subjects, organisation and structure in his learning, reading widely, and interrelating 
current with previous knowledge.  Overall, his learning profile indicates that he 
performs well academically but not as well as Deep Achieving learners. 
Group 2 
Daryl 
Daryl has above average (8) DAA decile.  He has below average SS; above 
average DM, DS and AM; and below average SS subscale scores.  His high DS and 
DM indicate that he has intrinsic interest in what is being learned, wants to develop 
competence in particular academic subjects; and discovers meaning by reading 
widely, interrelating new learning with previous knowledge.  At the same time, his 
AM also means that this is important mainly to enhance his ego and self-esteem 
through competition and to obtain highest grades, whether or not the material is 
interesting.   
As such, Daryl can be categorised as above average Deep Achieving 
profile with below average SA, above average DA and average AA (mainly 
Motive).  He will tend to be interested in searching for meaning and personal 
relevance but with a carefully organised and syllabus-oriented strategy to achieve 
high marks in the subjects concerned.  He will tend to be a high performer 
academically, will be intrinsically interested in what is being learned and will want 
to develop competence in particular academic subjects.  He will use meaning by 
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reading widely, interrelating new learning with previous relevant knowledge and 
experiences. 
Janos 
Janos has an average (4) DAA decile.  He has well below average SS; 
below average AM and AS; and above average SM and DS subscale scores.  This 
means that he tends to work to meet minimal requirements, but his strategy will be to 
discover meaning by reading widely, interrelating new learning with previous 
relevant knowledge. 
His scale scores show he has average SA and DA, and below average AA.  
His low AA indicates that he does NOT use either AM or AS approaches to help him 
learn.  He can be categorised as average Deep (predominant) learning profile with 
Low Achievement Motivation.  When low AM is accompanied by a high SM 
approach (a “low need achiever” - motive to avoid failure (SM) is stronger than their 
need to achieve success (AM)), Low Achieving can have the following 
characteristics: being highly defensive when competence is being publicly evaluated, 
greatest fear is the loss of face resulting from failure, and skilled task avoiders (e.g., 
forgetting crucial assignments, setting impossible high or trivially low goals, even 
psychosomatic illness).  Janos has a high SM but a very low SS which contributes to 
his Low Achievement Motivation profile. 
Mack 
Mack has an average (6) DAA decile.  He has well below average SS and 
AS; average DM and AM; above average SM; and well above average DS subscale 
scores.  This indicates that he has an intrinsic interest in what is being learned, will 
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want to develop competence in particular academic subjects; and discover meaning 
by reading widely, interrelating new learning with previous knowledge.   
His scale score shows he has below average SA, and AA but above average 
DA.  His has an above average Deep (predominant) learning profile.  However, 
Mack has a tendency to be a “low need achiever” due to the higher SM compared to 
his AM.  In his favour, Mack’s DM and DS reduces the impact of the above 
characteristics.  This indicates that he has learned to be organised and structured in 
his learning.  He will most likely perform well academically and will tend to follow 
his academic interests, generate his own examples and follow up his own leads.  He 
will tend to respond well to suggestions of long-term academic pursuits, be 
deliberate, a careful planner and ambitious. 
5.3.3.3 Case 2 learning approach summary 
Summarising the learning profiles above and as the comparative decile 
subscales show in Figure 5.7, most participants have a Deep learning profile with 
average deciles for Kaih, Ajax and Janos, above average for Daryl and Mack, and 
well above average for Gaeg.  Daruk uses more Surface learning and Janos also 
shows a Low Achievement Motivation profile.  Kaih, Gaeg and Daryl have average 
and above average DA profiles, respectively.   
In terms of those that can benefit from an AA, everyone except Daryl and 
Kaih, will fit into this category overall with their SA scale higher than their AA 
scale.  In particular, Daruk, Gaeg, Janos and Mack can improve in their AS while 
Daruk can benefit from both Deep and Achieving learning approaches overall.  In 
terms of the DA and AA scales that contribute to their DAA, Daryl has the highest 
combined deciles while Daruk has the lowest.   
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Key SM: surface motive  SS: surface strategy  DM: deep motive 
DS: deep strategy  AM: achieving motive  AS: achieving strategy 
Figure 5.7. Case 2: SPQ equivalent decile – comparative subscales for Groups 1 and 
2. 
These learning approach characteristics are important to remember when 
answering Research Question 1 posed in this study, namely: Do learner skill bases 
(learning approach and eductive ability) influence critical thinking within the 
Kaih Ajax 
Mack 
Daruk Gaeg 
Daryl Janos 
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proposed CoLeCTTE framework? If so, how? (Section 5.4.1).  They also provide 
insight further insights into answering Research Questions 2 and 3, namely: Do 
learning technologies influence the acquisition of deep learning and critical thinking 
within the proposed CoLeCTTE framework?, If so, how? (Section 5.4.2); and How 
might learning be designed to facilitate the acquisition of deep learning and critical 
thinking within a technology-enabled collaborative environment? (Section 5.4.3). 
5.4 Case 2 research questions: Analysis and results 
This section addresses the research questions for the Case 2 groups.  It 
presents the results in relation to: learning approach and eductive ability influence on 
critical thinking (Section 5.4.1); the influence of technological self-efficacy in 
critical thinking performance (Section 5.4.2); and learning and critical thinking in 
group work (Section 5.4.3).  For Section 5.4.1, the results will be presented in 
relation to CT frequency and CT ratio (CTR).  Six key points are presented which 
have been derived from the results following the analysis of data.  Readers should 
refer to Table 5.3 for the legend of SPQ scales and subscales and Appendix F for CT 
cognition and metacognition codes, definitions and examples.  
The results presented in Chapter 4 to answer Research Questions 1 and 2 in 
Case 1 determined only the relationship between learning approach, eductive ability, 
critical thinking; and the influence (or lack thereof) of technological self-efficacy on 
critical thinking behaviour during online and face-to-face collaborative group work.  
However, it did not determine how the design of learning activities, and learner 
motivation and confidence, might influence deep learning and critical thinking; this 
is dealt with in Case 2, Section 5.4.3. 
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Case 2 was limited to exploring the research questions further within a face-
to-face environment as there was no online interactive group work required for this 
course.  Critical thinking intervention in activities was implicit using ill-structured 
authentic tasks and letting participants work out their own group dynamics whilst 
still within the CoLeCTTE framework.  Like Case 1, the group task for Case 2 did 
not provide direct instructions on how to collaborate during group work.  The Course 
Facilitator was not an active participant but simply monitored group activity and 
processed the group output.  The aim was to further determine what happens to 
critical thinking and metacognition within the CoLeCTTE framework.  In addition, 
Case 2 of the study sought to find out more in-depth, the participants’ experience 
through one-on-one interviews.   
5.4.1 Learning approach and eductive ability influences on critical thinking 
This section answers Research Question 1 for Case 2 (Groups 1 and 2) 
namely, Do learner skill bases (learning approach and eductive ability) influence 
critical thinking within the proposed CoLeCTTE framework? If so, how?  Face-to-
face group work activity was video-recorded, transcribed, coded and analysed.  A 
single face-to-face activity session was used for the purposes of this study where all 
members of the group were in attendance and the Course Facilitator moderated the 
activity.  This face-to-face session was conducted in a computer laboratory during 
Week 4 of the course, the last week, to complete Activity 7.1 (sub-activities 7.1.6 
and 7.1.7).  Prior to this, students had been working in groups from Week 1 and this 
meant that group members knew each other well.  Video transcripts of the group 
discussions while using EDSA were coded and analysed using the CT Coder 
(Critical Thinking Coder) tool as described in Chapter 3.   
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As in Case 1, Case 2 is naturalistic case study and implicit intervention was 
used.  To allow for more authentic measures and profiles of critical thinking 
behaviour to be derived, full transcripts were coded so frequency of statements for 
the elementary clarification are expected to be significantly higher since these 
transcripts included all declarative statements, and trivial or social remarks.  This 
does not affect the interpretation of the results as elementary clarification is 
compared to other critical thinking categories (i.e., in-depth clarification, inferences, 
justification and providing solutions).  In addition, the CT ratio or CTR (ratio 
between critical and non-critical thinking statements) was derived as a measure of 
CT quality overall. 
5.4.1.1 CT frequency and ratio, and learning approach and eductive ability 
The results of individual SPQ profiles, scales and subscales for learning 
approaches, and APM measures of eductive ability were mapped against each 
individual’s demonstrated critical thinking behaviour (in terms of CT frequency and 
ratio) to determine differences in the group between these variables overall.   
Interview responses are also presented below as additional insights. The 
reader should refer to Table 5.2 (above) for APM eductive ability percentiles, and 
Table 5.3 (above) for SPQ profile, scale and subscale scores, and their definitions.  
As previously stated, corresponding participant values are also provided in graph 
data tables in the following sections. 
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Key EC: elementary clarification  I: inference   S: strategy 
IC: in-depth clarification  J: judgement/justification 
Figure 5.8. Case 2: CT frequency according to DAA raw score and decile for Groups 
1 and 2. 
CT frequency, learning approach and eductive ability.  First, by organising SPQ raw 
scores and deciles according to DAA values in Figure 5.8, one can see that for Group 
1, the ranking of DAA matching that of the eductive ability percentiles is not 
distinctly shown in this group compared to the Case 1.  Daruk, Kaih and Gaeg 
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(with DAAs of 63/1, 84/5 and 88/6, respectively) have the highest percentile 
rankings on the APM measures of eductive ability (all three are Grade I 
Intellectually Superior Capacity) and lowest is Ajax (Grade II+ Definitely Above the 
Average Intellectual Capacity).  It should be noted that Ajax still belongs to the 
upper 91% of the APM norm so he is not significantly lower in eductive ability.  The 
DAA raw scores and deciles ranking order shows Daruk to be lowest with well 
below average DAA (63/1) despite having a Grade I Intellectually Superior 
Capacity. 
For Group 2, one can see that Daryl with the highest DAA of 96/8 (above 
average) also shows the highest eductive ability (Grade I Intellectually Superior 
Capacity) followed by Mack (Grade I Intellectually Superior Capacity) and Janos 
(Grade II Definitely Above the Average Intellectual Capacity) who both show the 
same relationship with their average DAA (89/6 and 81/4, respectively).   
So far, one can see that the relationship in terms of similar ranking between 
DAA and eductive ability in Case 1 is also seen in Case 2 - Group 2 but was not 
distinctly seen in Case 1 - Group 1, although there appears to be a similar trend. 
Second, frequency of critical thinking statements made during group work 
(i.e., sum of in-depth clarification, making inferences, providing justification and 
solutions) over non-critical thinking statements (i.e., elementary clarification) were 
evident in Groups 1 and 2 in Figure 5.8 and Table 5.4. 
Group 1 
The highest frequencies of critical thinking statements made during group 
work were exhibited mainly by Gaeg and Daruk (21 and 15, respectively) as shown 
in Figure 5.8 and Table 5.4.  In terms of learning approach scales and subscales, 
note that Gaeg predominantly uses well above average DA (10) with well above 
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average subscale scores (see for both DM (10) and DS (10) but has well below 
average AM (1) (shown in decile equivalents in Table 5.3, Figure 5.5 and Figure 
5.6).  Daruk, on the other hand, has below average SA (3) scale with below average 
SM (3).  His highest subscale, however, is an average AM (4).  Gaeg and Daruk 
have below average (2) and well below average (1) AS subscales, respectively.   
Table 5.4 
Case 2: Summary of critical statements for Group 1 and 2. 
 DAA raw 
score/decile 
EC IC I J S CT Statements: F2F 
Group 1:        
Daruk (-/-/-) 63/1 32 10 3 2  15 
Ajax (0/+/-) 84/5 1     0 
Kaih (-/0/0) 84/5 7   2 1 3 
Gaeg (-/+/-) 88/6 42 9 4 6 2 21 
        
Group 2:        
Janos (0/0/-) 81/4 11 4 1   5 
Mack (-/+/-) 89/6 27 12 2 6  20 
Daryl (-/+/0) 96/8 39 6 4   10 
Key EC: elementary clarification  I: inference   S: strategy 
IC: in-depth clarification  J: judgement/justification 
 
Lowest on the CT frequency ranking are Kaih (3) and Ajax (0) who have 
average (5) and below average (3) AA scales, respectively.  Noting the 
corresponding strategy and motivation subscales, they each have average and 
below average AM (6 and 2, respectively), and both have average AS (4 and 5, 
respectively).  Kaih has an average DA (5) learning profile and uses mainly average 
DS (6) and AM (6).  Although Ajax has an above average DA (8) learning profile, 
mainly average DM (7) and above average DS (8), he has not made any critical 
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thinking statements during the activity.  Compared to Daruk and Kaih, Ajax’s AM 
is lowest (2) and his SM is highest (7).   
Group 2 
The highest frequencies of critical thinking statements made during group 
work was exhibited mainly by Mack (20) followed by Daryl (10) in Figure 5.8 and 
Table 5.4.  Note that Mack and Daryl have predominantly DA learning profiles 
(above average scales, 9 for both) and use mainly DS subscales (well above average 
subscales of 10 and 9, respectively) as shown in decile equivalents in Table 5.3, 
Figure 5.5 and Figure 5.6.  Mack, who uses the most DS (10), also has the highest 
frequency of critical statements (20) made during their group as well as an average 
AM (6) and below average AS (2), and so a below average AA (3) scale.  Daryl has 
the second highest frequency (10) and above average DA (9) scale, mainly with a 
DS subscale (9).  He has an average AA (7) with above average AM (9) and 
average AS (4) subscales.   
Lowest on the CT frequency ranking is Janos (5) who has above average 
SM (9) and below average AM (2) and AS (3) subscales.  Although he has average 
Deep (predominant) profile, he is also a “low need achiever” (characterised by below 
average AM and AS subscales compared to above average SM of 9 and well below 
average SS of 1) and has made the least number of critical thinking statements for 
Group 2. 
It would appear for Case 2 Groups 1 and 2, as with the Case 1, learners who 
have high DM and/or DS subscales are most likely to perform more critically as 
expected, as in the case of Gaeg (Group 1), Mack and Daryl (Group 2).  Also, those 
with lower AM and AS subscales compared to their DM and DS subscales are likely 
to be lower in their CT frequency.  This is seen in the case of Ajax (Group 1) and 
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Janos (Group 2) who have above average and average DA, respectively, but are 
also “low need achievers”.  The converse is true, as in the case of Daruk who has a 
SA learning approach.  He has below average SM and DM but higher average AM 
and so has exhibited the second highest CT frequency in Group 1.  Once again, the 
effect of learning approaches on critical thinking frequencies appear to be a function 
of the individual mix of their motivation and strategy scales and subscales as seen for 
most but more so in the cases of Daruk and Ajax.  They appear to be the outliers in 
Case 2 Group 1. 
The influence of individual learning approaches is further indicated in the 
interview responses of Groups 1 and 2 when asked about the learning approaches or 
techniques they used in order to ensure that they understood and were able to 
perform the requirements of the project/activity assigned.  In summary, one or a 
combination of the four surface and deep learning approaches were used by the 
participants: taking notes, copying and summarising (surface); testing own 
understanding through practice using examples or trial and error (surface); talking 
the problem, task and process through with the group in order to bounce off ideas 
(surface and deep); and develop own learning tools, job aid and equations (deep).  
These approaches reflect the depth of participants’ learning approach and thus, also 
supports the explanation of their critical thinking behaviour above.  Everyone talked 
about the problem, task or process with the group in order to bounce off ideas except 
for Ajax who used more of his SA.  The depth of these approaches can be only 
determined by looking at the quality of interaction participants had.  During the 
EDSA activity, Ajax commented “I remember that I was pretty distracted with 
things that was going on at work.  I had to write down all the notes that people wrote 
on the board because I had to try and understand it later on”.  Ajax further explained 
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that he would modify different parts of what he had copied to get different results 
and so had to keep on saving the files and resort to writing it on paper.  A similar 
approach was used by Janos and can be seen in his interview response when asked 
about his own learning approach: 
Actually my main learning sort of one is revision of the notes and basically 
copying them out and that sort of… if it’s in the lecture or outside of the 
lecture, and then I do a revision of the notes. I find that’s the best way I 
learn, sort of writing it down again and summarising it all.   
 
Daruk specifically described his approach to learning as having a natural 
inclination for him to try and generate more ideas to acquire greater understanding 
by asking more questions.  He attributes this to family influence and upbringing.  
This is evident in his comments, “I come from a very strong education and teaching 
background, and also wanting to learn more information, so I normally find 
discussions are very good because you can probe the questions later compared to a 
book”.  Daryl's initial response was that he was not aware of any special techniques 
that he was using although he further explained that, “it was a matter of talking 
through the activities and the problems with the team and ensuring that they had a 
group understanding and working with the group doing practical examples really 
helped to improve their understanding”.  Once again, Gaeg and Mack were the ones 
that exhibited greater depth in their learning approach in this course.  They extended 
understanding of theory and concepts by developing a spreadsheet “to be able to 
work out the calculations” which he could take away, “…a little tool kit or a grab 
bag that if actually a year from now, if I was actually asked to do something similar, 
I could pick the numbers and throw them straight back in”.  Observation of the video 
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during the group activity shows Mack performing a similar learning task by 
developing his own equation and showing this to the class. 
CT Ratio, learning approach and eductive ability.  The CT frequency ordered 
according to DAA raw score and decile was presented in Figure 5.8 and the 
observations discussed above.  However, these do not clearly show if learners with 
comparatively higher Deep and Achieving learning approaches and strategies 
actually demonstrate a more positive CT ratio (CTR), that is, a measure of their 
critical thinking overall.  Figure 5.9 shows each of the group member’s DAA 
mapped against their CTR and explained in the following section for Groups 1 and 2.   
Group 1 
Figure 5.9 indicates that Gaeg (average DAA of 6), Daruk (well below 
average DAA of 1) and Kaih (average DAA of 5) show more positive results when 
ranked, with Ajax (average DAA of 5, above average Deep learning profile of 8, 
and a “low need achiever”) showing the most negative CTR (-1.00).  Gaeg, has the 
highest DS (10) and DM (10) subscales, and highest DAA (6), has the most positive 
CTR (-0.33) followed by Daruk (-0.36) who showed the second highest CT 
frequency (15) despite having a Surface Achieving profile.  Similar to results of CT 
frequency, Daruk and Ajax appear to be the outliers in terms of CTR results in 
relation to their DAA.   
Interview responses provide insight into these results.  To explain the above 
results that seem to indicate Daruk has learned to override his SM approach with his 
AM, a review of a statement from his interview is presented below: 
I come from a very strong education and teaching background, and also 
wanting to learn more information, so I normally find discussions are very 
good because you can probe the questions later compared to a book.  So 
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that if you don’t understand, you can actually get it rephrased in different 
ways.  It is also an area of interest for me so I am trying to get as much out 
of it as possible. 
 
 
Figure 5.9. Case 2: Group DAA deciles versus CTR - face-to-face for Groups 1 and 
2. 
Daruk’s statement explains why his AM is stronger as it comes from a 
natural inclination for him to try and generate more ideas and greater understanding 
by asking more questions and this approach is brought about by family influence 
because he comes from a strong education and teaching background.  More 
importantly, the natural inclination is further strengthened by an intrinsic interest in 
the course. 
Ajax’s “low need achiever” profile (low AM versus SM) can be further 
evidenced in his statement in relation to using the EDSA for Activities 7.1.1 and 
7.1.2: 
I remember that I was pretty distracted with things that was going on at 
work.  I had to write down all the notes that people wrote on the board 
because I had to try and understand it later on.  It was part of the program I 
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guess, I couldn’t save the files or anything.  It was well presented, I didn’t 
acquire anything except the notes, and that’s pretty basic stuff. …I would 
modify parts of it to get different results so I have to save the files and 
keep changing what you’re doing and so I had to resort to writing on 
paper. 
 
Ajax’s statement indicates that although his work was a distraction, he has 
used note taking and review as a strategy to learn the concepts and skills in the 
activities.  His approach of modifying parts of the calculation to get various results 
indicates a high level technical skill (Deep Strategy) and evidence of his interest in 
the course (Surface Motive).  Further analysis indicates that this was an area that he 
was already familiar with and was what he does at work.  It also indicates, however, 
that work concerns can override his AM (below average) to learn even if he enjoyed 
the course and expressed his motivation to learn.  This is demonstrated in the 
following statement: 
Motivated… it really wasn’t the highest priority in my life at that time… 
No, I enjoyed the course in the way it was presented differently and so I 
am motivated to learn particularly because it is intensive side of 
engineering, the technical side which I spend the most at work, I don’t like 
being stuck into what you are doing.  It is a good refresher. 
 
Group 2 
Figure 5.9 indicates that Janos’ (average DAA of 4, average Deep 
(predominant) profile and Low Achievement Motivation, “low need achiever”) and 
Mack’s (average DAA of 6, above average Deep (predominant) learning profile and 
tendency to be a “low need achiever”) show more positive CTR results (-0.38 and -
0.15, respectively).  Comparatively, Mack’s result is most likely brought about by 
having the highest DS (10) within his own profile while Janos’ is tempered by a 
high SM (9) and lower AA (2) scale. 
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Daryl who has the highest DAA (above average of 8), above average Deep 
Achieving profile, above average DS (9) and AM (9) subscales but average AA (7) 
scale, has the most negative CTR (-0.50) and second most negative overall in Case 2 
Groups 1 and 2.  This is contrary to the pattern of findings described above in terms 
of CT frequency (where he scored second highest in his group), learning approach 
scale and subscales, and eductive ability.   
Further exploration into Daryl’s learning approach and strategies 
demonstrates his Deep Achieving profile.  Daryl's initial response was that he was 
not aware of any special techniques that he was using although he further explained 
that it was a matter of talking through the activities and the problems with the team 
and ensuring that they had a group understanding.  He felt that working with the 
group doing practical examples really helped to improve their understanding.  A lot 
of the time they gained understanding this way because he felt that: 
You are not always aware of what you don't know so by talking about the 
problem through, it will contribute things that you are not aware of and 
only if they say that, you learn it. 
 
If he was not talking the problem through with the group, he would not 
necessarily be aware of the gaps in the knowledge that he had.  This is typical 
learning behaviour of Deep Achievers as described in his profile in Section 5.3.3.2.  
Further observation of his role in the group during the activity shows that he has 
taken the lead in terms of recording the findings of the group.  It would seem that 
this role has influenced the type of interaction he had with his team members; that of 
a recorder clarifying what was being said and done as opposed to actively working 
out solutions to the problems in the activity.  The frequency of his elementary 
clarification statements was highest at 39 versus 10 critical thinking statements 
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compared to the rest of the group (27 versus 20 for Mack and 5 versus 11 for 
Janos), increasing his negative CTR.  This is exemplified in the following 
statements where Daryl’s group have been asked to simulate or model a big fault 
current using EDSA in Activities 7.1.1 and 7.1.2.  In this excerpt from the CT Coder 
transcript, comments of the video observations of the non-verbal behaviour were also 
noted where relevant.  As a reminder for the reader, CT classification codes are 
summarised as Elementary clarification (EC), In-depth clarification (IC), Inference 
(I), Judgment (J) and Strategy (S): 
Line 
No 
Statements and Observation Comments CT 
Classification 
40-210 Janos: What's the difference between the top and the bottom one? EC 
40-220 Daryl: Half cycle DC… 84712, 8415, 11437, 11152, 84632, 321233… EC 
 Janos, Mack and Daryl continue to record data on their worksheets Daryl  
points to the monitors as he calls out the numbers 
40-225 Mack: …Three 2 415, is it? EC 
40-240 Daryl: Yeah EC 
 Daryl flips through his notes to check in response to Mack's comment 
40-250 Janos: How can you do two 415 fault buses? EC 
40-260 Daryl: Because that's a high … between the two zeros IC 
 (word inaudible) although this is an answer to explain or clarify Janos' question  
which is a confusion on what he is currently seeing in EDSA 
40-270 Mack: It changes current as well.  IC 
 Mack adds to the explanation of Daryl pointing to another information onscreen  
to give greater clarity to Janos 
40-280 Janos: Can you get the…  stuff…? EC 
40-290 Mack: Ah, the problem is we do not know the buses’ names so it’s just 
gonna be done however.  Do you know any new buses? 
IC 
40-300 Janos: Ah, I catch the 315 each day to work EC 
 Mack asks Janos answers jokingly and elicits a chuckle from Daryl and Mack.   
Mack stands up at the same time to get something but decides otherwise 
40-310 Daryl: Um, it also shows here the difference between the IDC and the 
break  
EC 
 Daryl resumes the work by referring to what he seeing onscreen, the IDC break 
40-320 Mack: Yeah but we just don't know the IDC names IC 
 (see related lines 330, 350, 370, 380, 390 – counted as 1 classification) 
40-321 Daryl: Can you get the IDC as…the break?  EC 
40-330 Mack: No, no…  EC 
40-340 Daryl: Why do they call that the break?  EC 
40-350 Mack: …Because now you can see that DC decay … IC 
 Mack points to where the DC decay can be seen 
40-360 Daryl: Is that right?  EC 
40-370 Mack: …and then symmetrical decay   
40-380 Daryl: So do we write down this break?  EC 
 This query indicates that Daryl is assessing the need to record the IDC break  
data which might inform completion of their task. 
40-390 Mack: Yeah, 7649. So it really shows the IDC decay IC 
 Everyone records the IDC break after Mack confirms and replies to Daryl's  
question. 
40-400 Janos: What's that?  EC 
40-410 Mack: Ah, the IDC decay, which is good  J 
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Line 
No 
Statements and Observation Comments CT 
Classification 
 Mack is making a judgment on the value of be able to see the DC decay on  
EDSA although he does not say why but this becomes evident later when he  
uses this data as part of a different method of calculation to what Jason instructs  
and to which Mack is asked 
40-420 Janos: Are we trying to do this…  EC 
 NEM-Evaluation: Janos' question is really an insight into his cognitive  
questioning regarding the value of recording (copying) of data from EDSA as  
part of the task. This implies metacognitive evaluation skills 
40-430 Daryl: I think this piece of assessment would be more useful if we actually 
calculate the values rather than handwritten, taking down handwritten. 
That's my 2 cents. 
IC 
 NEM-Evaluation: Daryl's response to Janos implies that he is evaluating the  
value of how they are going about the task, that is, recording the data on  
their worksheets. (Janos chuckles) This implies metacognitive evaluation skills 
40-440 Mack: Yeah I know  EC 
40-450 Mack: Something's funny.  EC 
 (tape ends)  
 (tape begins)  
40-460 Janos: isn't that 553?  EC 
40-470 Daryl: Yup  EC 
40-480 Mack: I don't understand why it's written down as for the high peaks for 
the single line. I can't understand why some are lower for the 3 phase and 
some are higher. I generally think that higher… 
J 
 Mack's statement expresses his confusion (SSA) and later justifies or expresses  
the basis for his confusion based on what he knows about what happens when  
one runs zero sequence (KT) (see lines 500, 520, 540) 
40-490 Daryl: For the earth fault?  EC 
40-500 Mack: Yeah  J 
40-510 Daryl: Coz you get higher currents through for higher voltage  IC 
40-520 Mack: Ummm, well we usually.. When we run the generator zero 
sequence, in zero cadence there's more thrust so you get a higher fault 
J 
40-530 Janos: The generator's unearthed, except for the wire… (?)  IC 
 Janos adds further information, trying to contribute and resolve Mack's  
confusion 
40-540 Mack: Ah yeah, yeah. There's no at fault contribution from the 
transformer zero sequence… 0.8 of a … anyway 
J 
 (long period of writing and copying values follows)  
40-550 Janos: What's the half cycle DC? Is it that one or that one? What have 
you written down there? 
EC 
 Daryl points to the monitor 
40-560 Daryl: Pretty much those ones. Alright for a 3 phase fault… this one's a 
bit different 
IC 
 (all chuckle) All continue to record on their worksheets while Daryl continues  
to control the mouse 
40-570 Mack: Yeah, that's good  EC 
40-580 Daryl: So we use the 3 phase or half cycle?  EC 
40-590 Mack: 3 phase cycle EC 
40-600 Daryl: 8606 EC 
40-610 Mack: And then you'll have to roll up contribution of the transformer. So 
aren't we doing 3 phase so it's this one here 
IC 
 As Mack and Daryl discuss, Janos writes on his worksheet - not engaged in  
the discussion but still making notes. 
 
The transcript above shows why Daryl is a poor performing Deep Achiever.  
The SPQ counselling guidelines (Biggs, 1987) also indicates that poor performance 
by Deep Achievers who do not perform well may be caused by inadequate language 
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skills and not by a lack of good learning approaches or strategies.  This may be the 
case with Daryl as indicated by the frequency of questions and brief answers as 
opposed to him providing extended explanations or justifiable solutions to the 
problems in the task participants were asked to do.  The contrast between his 
statements overall and line 40-430, “I think this piece of assessment would be more 
useful if we actually calculate the values rather than handwritten, taking down 
handwritten. That's my 2 cents”, indicates that he has indeed a DS approach to 
learning and a good understanding of the concepts and tasks at hand.  The frequency 
of statements that he makes during the group work is in line with his own description 
of his own learning approach on page 167 above. 
 
Key Point 1 
As with Case 1, one can infer from these results that learners who have a high AA 
and those with a DA (in particular, higher DS) will tend to make frequent critical 
thinking statements and more so, when accompanied by high AA for the latter.  The 
relationship in terms of similar ranking between DAA and eductive ability was not 
strongly evident in Case 2, although there appears to be a similar trend.   
In addition, learners with low DAA, AM and AS will correspondingly tend to have 
less CTR.  However, the role that an Achieving or Deep Achieving learner may be 
tasked to do can influence the way they behave critically especially if there may be 
factors affecting their communication.  It is also important to consider experience or 
upbringing, as in the case of Daruk, influencing critical thinking behaviour contrary 
to their general learning approach.  Noting that most of Group 1 and 2 have Grade I 
Intellectually Superior Capacity, except Ajax and Janos, learners who have higher 
eductive ability are more likely to perform more critically overall (CTR).   
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Key Point 1 (cont.) 
Again as with Case 1, the effect of learning approaches on critical thinking 
frequency appears to be a function of the individual mix of motivation and strategy 
scales and subscales, that is, the individual learning profile.  Specifically in Case 2, 
DA learners will not necessarily perform critically in collaborative groups but when 
accompanied by a low AM in their profile, will most likely perform less critically. 
 
Types of critical thinking behaviour.  One can look at the type of critical thinking 
behaviour taking place for Groups 1 and 2, which can be better determined by 
looking at the frequency of non-critical (elementary clarification - EC) versus critical 
statements (giving in-depth clarification - IC, inferences - I, justification - J and 
solutions - S).  When data are organized according to the total of critical statements 
only, it can be seen that in-depth clarification is the most frequent critical thinking 
skill exhibited by the groups (Table 5.4 and Figure 5.10).   
In general, it appears that Mack (Group 2), Daruk and Gaeg (Group 1) (12, 
10 and 9 in rank order), demonstrate an above the average frequency of in-depth 
clarification.  It can also be seen that higher order critical thinking skills of making 
inferences, providing justifications and solutions were exhibited at higher than the 
average (17) frequency by Mack of Group 2 and Gaeg of Group 1 (20 and 21, 
respectively), and to a limited extent (below the average frequency) by Daryl of 
Group 2, Daruk and Kaih of Group 1 (10, 15 and 3, respectively), who all belong to 
the upper percentile of APM measures of eductive ability (GI Intellectually Superior 
Intellectual Capacity).   
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Figure 5.10. Case 2: Frequency totals of total critical and non-critical thinking 
statements for Groups 1 and 2. 
Overall, Gaeg and Mack exhibit the highest frequency of these higher order 
critical thinking skills (21 and 20, respectively).  Gaeg, who has the most positive 
CTR (-0.33) in Group 1, has made the most number of justification statements and 
provided solutions to problems.  For Group 2, Mack, who has the most positive CTR 
(-0.15), exhibited a greater number of justification statements compared to the rest of 
the group.  Both Gaeg and Mack have DA learning profiles with strong DS (10 for 
both), belong to the top three DAA with both having an average decile of 6 and have 
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the most positive CTRs (-0.33 and -0.15, respectively) between Groups 1 and 2.  The 
converse can also be observed for Ajax and Janos (GII+ and GII Definitely Above 
Average Intellectual Capacity, respectively) who have below average AM (2 for 
both) and/or AS (3 for both), and will tend to exhibit less of the higher order thinking 
skills overall. 
 
Key Point 2 
As in Case 1, the findings seem to indicate that determining the quality of a student’s 
critical contribution to group work discussion may be based on their overall critical 
thinking performance (CTR), and a weak relationship exists between APM measures 
of eductive ability and CTR.  On the other hand, higher levels of critical thinking 
behaviour are seen in learners with high SPQ measures of DAA and CTR.  However, 
there appears to be a pattern that indicates learners with high eductive ability and 
CTR appear to exhibit more of the higher order CT skills.  One can further infer 
when looking closely at the SPQ scales and subscales for non-Deep or DA learners, 
the dominancy of AM and AS subscales plays a part in how learner will demonstrate 
various types of critical thinking skills as in the case of Daruk who shows a higher 
frequency of critical thinking statements, and conversely for “low need achievers” 
like Janos, as already explained in the above sections.   
 
Once again, the findings raise the question of what this means when looking 
through the lens of Surface, Deep and Achieving Approaches scales.  As shown in 
Table 5.3 and referring to Table 5.4, Kaih, Gaeg, Janos, Mack and Daryl, who all 
have deep learning profiles, exhibited critical thinking comments.  Daruk, who is a 
surface learner (although his AM is his highest score), has the third highest number 
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of critical thinking comments.  On the other hand, Janos and Ajax who are classified 
as “low need achievers” (SA is higher that AA), exhibit the lowest levels of critical 
thinking or none at all, respectively, within their groups.   
A closer look at Kaih indicates that he may be an outlier in this case 
because even with an average DA (5) equivalent to his AA (5) scale scores, he also 
shows low frequency critical thinking comments.  Video and in-class observations of 
his participation in class show him to be minimally engaged in discussion but highly 
engaged in activities except for the last day where he had asked a lot of questions 
and offered different points of view on the arc flash topic.  When asked about this, 
Kaih responded: 
Sometimes, I'm a little bit constrained in asking questions.  You know, you 
might be slowing the lecturer down or you might look stupid or possibly 
you might... or the lecturer might not appreciate... you might regard you 
might be giving him a hard time perhaps.  You kind of stand out in front of 
people and lecture them and especially when, you know, when you've 
been out in the workforce for a number of years and he knows everything 
so you don't want to sort of... you don't want to put the lecturer on the spot 
with a question that he can't answer.  It just seems to be the last day that 
this question came to mind and felt comfortable asking them when the... I 
felt the lecturer or presenter wouldn't be too sort of, you know… be put-off 
if I ask those questions.  Also, I thought that people might be interested in 
hearing the answers, too.  That I wasn't the only who wanted to know or 
who... I felt the others on the class might be interested to know what might 
be the answer to this question as well. 
 
Furthermore, Kaih’s attitude to completing a group task indicates that he is 
highly focused on getting the job done.  When asked if different learning approaches 
within the group influence learning and group success in achieving the task, he 
responded: 
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It probably does… let me think… well, a lot of it is the way you interact 
with different members of your group.  It's fairly dependent on the type of 
people who are there and how knowledgeable they are and their 
personality and so forth.  Some people are happy to go through things in a 
superficial kind of way, quickly and superficial, while some people like to 
sort of question things a bit more when... um... and possibly explore 
certain questions that come to mind and...  I would put that down as a way 
of doing things, that could be a good way  to go, and in fact that might be 
the best way to go in circumstances when you know, speed is important 
and when say, the.. um... lecturer or tutor is sort of maybe more in control 
of bringing issues to light kind of thing... of highlighting the issues that 
need to be brought to light but you can get sort of frustration there I guess. 
 
When asked if he has difficulty learning when things happen differently to 
his way of learning, Kaih practices independence and resourcefulness in getting the 
learning task done and shows evidence of a strong innate interest in learning the 
concepts:  
I guess it is sort of part of the decision-making process, you sort of 
understand what's going on, like why are we going this way, why are we 
going...  that kind of thing.  If I think people sort of go on ahead and make 
decisions as to which way to go and then you’re sort of just tagging along, 
it's frustrating and wasting my time and not what it's about and so that's 
probably why I've gone back to my computer so I could resolve some 
things like... so I could feel I am more a part of the answers that comes 
about. Like there's no point from my point of view, there's no point in 
another member or two of the group having made decisions I wasn't a part 
of it because it's meant to be a learning exercise.  If I wasn't involved in 
that then I didn't get to learn it.  I had to go back and figure it out for 
myself then I've had the satisfaction of having gone through the learning 
exercise properly. 
 
The statements above are indicative of high Achieving and Deep learners.  
In Biggs (1987), Deep Achieving learners are characteristically interested in 
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searching for meaning and use syllabus-oriented strategies to achieve high marks.  
One could surmise that Kaih’s AM may have influenced his decision to undertake 
the task alone, having not been involved in the decisions made his group members.  
His DS of “survive and conquer” as a perceived strategy to contribute to the solution 
and an efficient way of achieving the group objective, including his own strategy of 
going through the exercise properly and satisfying his own desire to learn.  However, 
unlike Daryl above, Kaih’s lack of participation in the discussion and therefore, 
limited evidence of critical thinking may also be brought about by a lack of self-
confidence, frustration and stress in what he may perceive as ego-threatening or 
highly competitive situations.  This is indicated in the statement below: 
I think I was frustrated, that was the sort of frustration I was having at that 
time.  Not a criticism of the course or anything.  There's always going to 
be fall back with any course.  I was kind of stressed and conflicted in 
myself, too, I think that, on the one hand, I thought maybe I should just tag 
along, maybe that will be the more sensible thing to do, playing it safe.  So 
I appear to be on the right track, I didn't feel... I didn't wanna go that way.  
I wanted to be ... to be a part of it. 
 
Key Point 3 
As with Case 1, Deep learners will generally exhibit more critical thinking 
behaviours and learners with Low Achievement Motivation or “low need achievers” 
will exhibit less critical thinking behaviours.  However, if learner AA is strong 
compared to their SA scale scores in their profile, they will likely perform more 
critically as in the case of Daruk.  In addition, other factors like work overriding the 
priority to learn, poor learning skills, frustration, stress and poor self-confidence, 
may influence critical thinking behaviour even if they have stronger DA and AA 
scales compared to their SA scales as in the case of Ajax, Daruk, Daryl and Kaih. 
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5.4.1.2 Metacognition, CT frequency and ratio, learning approach and eductive 
ability 
Metacognition was also exhibited by members of Group 1 with Gaeg (3), 
Daruk (3), Kaih (1) and Ajax (0) ranking from highest to lowest frequency overall 
across metacognitive knowledge and skills.  In Group 2, ranking was in the order of 
Mack (6), Daryl (5) and Janos (1) from highest to lowest frequency across 
metacognitive knowledge and skills.  When data are once again organised according 
to the total frequency of critical statements (see Table 5.4), there is a greater 
likelihood that those with high frequency (Gaeg, Mack, Daruk and Daryl) have a 
greater likelihood of making an explicit metacognitive statement for both knowledge 
and skills accordingly (see Table 5.5 and Figure 5.11).   
However, in terms of their CTR for Groups 1 and 2, Mack who has the 
most positive CTR, also has the greatest explicit metacognitive behaviour while 
Ajax has the lowest or none at all (6 and 0, respectively).  These findings appear to 
contradict those of Case 1 where CTRs do not differentiate participants in terms of 
their explicit metacognitive statements. 
As with Case 1, a review of individual SPQ profiles in Case 2 groups show 
that DAA does not differentiate participants in terms of their explicit metacognitive 
statements if one considers Daruk in Group 1 who has well below average DAA (1) 
and Daryl in Group 2 who has an above average DAA (8) and yet both of them were 
the second highest in their groups.  It appears, however, that Deep learners with high 
DM decile or subscale are more likely to exhibit metacognition explicitly as in the 
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case of Mack and Daryl.  Gaeg appears to be an exception in this case, noting that 
he has a well below average AM (1).   
 
Table 5.5 
Case 2: Summary of explicit metacognitive statements for Groups 1 and 2 
 
KP KS KT SE SP SR SSA 
Individual 
Totals 
Ajax  
(-1.00)  
(84/5) (0/+/-)  
(97) 
 
       
0 
Kaih  
(-0.40)  
(84/5) (-/0/0)  
(100) 
 
   
1 
   
1 
Daruk  
(-0.36)  
(63/1) (-/-/-)  
(100) 
 
   
2 1 
  
3 
Gaeg  
(-0.33)  
(88/6) (-/+/-)  
(97) 
 
   
1 
  
2 3 
Janos  
(-0.38)  
(81/4) (0/0/-)  
(87) 
 
   
1 
   
1 
Daryl 
(-0.50)  
(96/8) (-/+/0)  
(99) 
 
  
1 3 1 
  
5 
Mack  
(-0.15)  
(89/6) (-/+/-)  
(98) 
  
3 
 
2 
 
1 6 
Total Combined 0 0 4 8 4 0 3  
Key KP: knowledge - person KS: knowledge - strategy KT: knowledge - task 
SP: skill - evaluation  SP: skill – planning  SR: skill - regulation 
      SSA: skill – self-awareness 
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Key KP: knowledge - person KS: knowledge - strategy KT: knowledge - task 
SP: skill - evaluation  SP: skill – planning  SR: skill - regulation 
      SSA: skill – self-awareness 
Figure 5.11. Case 2: Frequency totals of explicit metacognition for Groups 1 and 2. 
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If one looks at the APM measure of eductive ability and frequency of 
explicit metacognitive statements, their ranking from highest to lowest frequency 
overall across metacognitive knowledge and skills follows the same order, Gaeg, 
Daruk, Kaih (all GI Intellectually Superior) and Ajax (GII+ Definitely Above 
Average Intellectual Capacity) in Group 1 and Mack, Daryl (both GI Intellectually 
Superior) and Janos (GII Definitely Above Average Intellectual Capacity) in Group 
2.  These findings appear to contradict those of Case 1 where eductive ability does 
not differentiate participants in terms of their explicit metacognitive statements.  This 
may be brought about by the shorter period of group work and based on participant 
opinions in Section 5.4.3.3 below, there is a need to increase the depth and 
complexity of the activity (to allow for metacognition to be educed). 
As with Case 1, Gaeg, Daruk and Kaih of Case 2 Group 1 and Mack, 
Daryl and Janos in Group 2 who provide more critical statements (such as in-depth 
clarifications, making inferences, providing justifications for their statements and 
offering solutions to problems) also make more explicit metacognitive statements 
(Table 5.4 and Table 5.5).   
In particular for Case 2 Groups 1 and 2, metacognitive statements were 
made that demonstrate awareness, appraisal or verification of one's knowledge and 
skills, and efficacy of a chosen strategy (SE - skill of evaluation, 8 combined 
frequency), with Daryl and Mack showing the highest frequency of explicit 
metacognitive statements made overall (5 and 6, respectively).   
A further analysis of the transcript was undertaken to draw out implicit or 
non-explicit metacognition (NEM) described in Chapter 2.  From Table 5.6 and 
Figure 5.12, we can see that the individual rankings of frequency of non-explicit or 
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implicit metacognitive statements somewhat coincides with more explicit statements 
of metacognition.   
Table 5.6 
Case 2: Summary of implicit or non-explicit metacognitive statements (NEM) for 
Groups 1 and 2 
 
NEM 
(KP) 
NEM 
(KS) 
NEM 
(KT) 
NEM 
(SE) 
NEM 
(SP) 
NEM 
(SR) 
NEM 
(SSA) 
Individual 
Totals 
Ajax  
(-1.00)  
(84/5) (0/+/-)  
(97) 
 
       
0 
Kaih  
(-0.40)  
(84/5) (-/0/0)  
(100) 
 
 
1 
    
1 2 
Daruk  
(-0.36)  
(63/1) (-/-/-)  
(100) 
 
  
1 
 
1 
  
2 
Gaeg  
(-0.33)  
(88/6) (-/+/-)  
(97) 
 
 
2 2 
 
1 
  
5 
Janos  
(-0.38)  
(81/4) (0/0/-)  
(87) 
 
   
1 
  
1 2 
Daryl 
(-0.50)  
(96/8) (-/+/0)  
(99) 
 
  
2 2 
   
4 
Mack  
(-0.15)  
(89/6) (-/+/-)  
(98) 
  
1 2 
  
2 5 
Total Combined 0 3 6 5 2 0 4  
Key KP: knowledge - person KS: knowledge - strategy KT: knowledge - task 
SP: skill - evaluation  SP: skill – planning  SR: skill - regulation 
   NEM: non-explicit metacognition SSA: skill – self-awareness 
 
   
CHAPTER 5 Case 2 Results and Analysis  186 
 
Key KP: knowledge - person KS: knowledge - strategy KT: knowledge - task 
SP: skill - evaluation  SP: skill – planning  SR: skill - regulation 
   NEM: non-explicit metacognition SSA: skill – self-awareness 
Figure 5.12. Case 2: Frequency totals of implicit or Non-explicit Metacognition 
(NEM) for Groups 1 and 2. 
These statements imply a predominant awareness of one's approach to a 
cognitive task (NEM KT – knowledge of the task, combined frequency of 6) and 
awareness, appraisal or verification of one's knowledge and skills, and efficacy of a 
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chosen strategy (NEM SE - skill of evaluation, combined frequency of 5).  Daryl, 
Mack and Gaeg show the highest frequencies of non-explicit or implicit 
metacognitive statements made overall (4, 5 and 5, respectively). 
 
Key Point 4 
Once again, compared with Case 1, one could infer from Case 2 Groups 1 and 2 that 
the more critical statements one makes, the more chances there are of the students 
thinking metacognitively and, therefore, exhibiting this explicitly or non-explicitly or 
in an implicit manner.  Unlike Case 1, CTR and eductive ability appear to 
differentiate participants’ metacognitive behaviour, explicitly or non-explicitly or in 
an implicit manner.  Individual SPQ profiles (DAA) do not differentiate participants 
in terms of their explicit metacognitive statements.  However, Deep learners with 
high DM deciles or subscales will tend to make metacognitive statements unless they 
have a very low AM decile or subscale. 
 
5.4.2 Influence of technology in critical thinking performance 
This section answers Research Question 2 namely, Do learning 
technologies influence the acquisition of deep learning and critical thinking within 
the proposed CoLeCTTE framework? If so, how?  The results of the OTSES are 
reviewed against participants’ critical thinking overall (CTR), as well, responses to 
interview questions were analysed.  The interview questions differentiated between 
Tablet PC or EDSA so responses could be validated accordingly.  Although the main 
activity from which critical thinking data was gathered was during the use of EDSA, 
key comments on Tablet PC experience are included in the discussion below because 
of the insights they provide.  Participant responses (critical and positive responses) to 
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OTSES were analysed.  Based on participant responses, for the most part, 
technology did not hinder learning and the extent that learning technology in the 
course contributed or hindered understanding and achievement of the learnings in the 
course was predicated on a number of technology-related factors. 
5.4.2.1 Confidence with technology – technological self-efficacy 
As described in Chapter 3, the Online Technologies Self-efficacy Scale 
(OTSES) is a measure of a participant’s own perception of their level of confidence 
and competence when it comes to using the internet and online technologies for both 
synchronous and asynchronous interactions.  Section 5.2.1 showed that the overall 
self-perception of technological confidence is good amongst the group with 70% 
considering themselves the same as most students with using technology and even 
more so for their individual confidence levels with Group 1 as generally very 
confident with the use of Internet and Asynchronous I computer technologies 
(responses were spread across the scale for using Synchronous and Asynchronous II 
type technologies) and Group 2, considering themselves very confident with the use 
of Internet, Synchronous and Asynchronous I and II computer technologies.  EDSA 
is classified as Asynchronous II technology. 
Note that Gaeg felt he was not confident at all and Ajax felt not very 
confident when it came to using Synchronous and Asynchronous II type technologies 
with the former performing critically at a higher levels than the latter.  Although 
Daruk, Kaih, Daryl, Janos and Mack rated themselves highly on OTSES, their 
CTRs varied.  Gaeg’s CTR of -0.33 (second most positive in the group) seems to 
indicate that technology did not affect his critical thinking performance despite his 
lack of confidence with using Asynchronous II type technologies.   
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The interview responses reveal that only Gaeg and Ajax felt that 
technology could hinder learning because of the need for more experience or 
training, while Kaih felt that technology was more of a distraction so the value of the 
technology to what they needed to accomplish needed to be determined.   
Kaih shared, in reference to the Tablet PC that, “I thought it was more of a 
distraction and also it would slightly slowed me down and it was something that if I 
wanted learn how to use... learn or use a device, I could learn some other time.  It 
didn't seem to be too important to me”. 
Gaeg felt that the Tablet PC interfered rather than helped because “it 
interrupted our work especially when they were a bit bored and doing the old high 
school thing of passing notes on the Tablets.  But that increased on assessment task 
issues, I think, people focused a little better after that”.   
When asked how his confidence or lack of confidence in technology 
(EDSA) affected his learning in the course, Ajax responded, “… in as far as whether 
I miss out on learning by doing just task-orientated things, it would depend on what I 
was doing such as when there is a lot of research in it and some modelling stuff.  I do 
a little bit, but for conceptual learning I do not see that much of a problem.”  
Although Ajax’s response does not seem to directly answer the question, confidence 
is implied in not considering technology “much of a problem”.  On the other hand, 
the large difference between Ajax’s CTR (-1.00, no CT statements made) with that 
of others may cause one to think that his critical thinking performance may have 
been affected by the technology.  His interview response indicates that it was the 
lack of experience on the Tablet PC rather than the technology itself that would 
influence his participation and therefore, engagement in group discussions:  
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I’m fairly confident, I’m sure that once I used it, I would be efficient as I 
have proven in some other times. I don’t see it as a hindrance, just merely 
more experience.  …It depends on how much you introduce into the 
course I suppose… I think the more is introduced and because I don’t use 
it that much, I haven’t used a lot of those things… if you were to go down 
that path perhaps they would need an introduction at the start to make sure 
that each person was familiar enough to participate. 
 
One can surmise from the above statement and based on participants’ SPQ 
profiles already discussed in previous sections, that confidence in the use of 
technology alone is not sufficient to ensure that technology is supportive of learning 
or active participation in group work.  The following factors also need to be 
considered. 
5.4.2.2 Experience and training with the technology 
For all the participants in Case 2 Groups 1 and 2, experience and provisions 
made to allow learners to gain experience or familiarity with the technology was 
indicated as factor in achieving technological self-efficacy.  In particular, Ajax’s 
statement, “it depends on how it is introduced into the course and the more you do 
then the more it does… an introduction at the start of would be good so that 
everyone would become familiar enough with it particularly for learning”, indicates 
the value of training for a learner to participate effectively in a group.  He clarifies 
that “it was not that I really see it as a hindrance just that it was a matter of 
experience”.  Daruk responded that he liked the idea of using learning technologies 
in group collaboration but felt, “It was obvious that there was more training in this 
because we were not used to the technology (Tablet PC) especially the teachers who 
had a few issues with having to go back a few times and reset things… Just not 
getting the full benefit out of it but I can see it being very useful if it works well but 
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this time for us engineers, it was more of a toy than a learning tool”.  His statement 
on their use of the Tablet PC as not reaching its full benefit aligns with the findings 
of Oblinger and Oblinger (2005, p. 2.10) regarding the Net Generation of today 
(whom Daruk belongs) that they “don’t think in terms of technology; they think in 
terms of the activity technology enables”. 
Daryl had already expressed the notion of having an assignment to acquire 
more practice and experience especially with learning technical software (EDSA) 
and this was supported by Mack and Gaeg who go beyond mere practice with using 
the technology:  
I would like to have had an assignment to verify for instance, the 
calculations for the system model or some component.  But we did this in 
class, and this could be a useful assignment, and Jason went with a model 
or report call-out without pre-answer checking to make sure that things are 
in the right order.  That is something that we could have benefitted having 
an assignment. 
(Mack) 
 
It would have been good to have it as an in-between assignment, 3 days on 
EDSA and at the end of the 2nd day, been given an introduction and then 
an assignment to work over the break to play with it and then come back 
and nail it even more…  Having one day with a bit of an introduction 
would have been quite good. 
(Gaeg) 
 
In this area, it would appear that Mack and Gaeg who have the highest 
CTRs for their respective groups, would expect some verification of their learning in 
the course.  Once again, this could arise from the fact that EDSA is a technical 
system. 
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5.4.2.3 Control of technology by stronger personalities 
Janos, Kaih ad Ajax talked about how some students dominated the use of 
the technology, in particular, the use of Tablet PC in their groups because of their 
stronger or more assertive personalities.  This presented advantages as it provided a 
central point for discussion and common understanding with the more dominant 
personality inevitably becoming the “recorder”.  In Janos’ words:  
The group around the Tablet PC was more around two stronger 
personalities, telling everyone how it was done and what we were doing… 
the EDSA package was more a discussion type thing.  Yeah, there were 
two very different groups.  We compared the answers to see who got what.  
If we differed in our answers, we resolved which one was right by looking 
at the ways each one did things and worked out where the processes were 
different and which one was correct. 
 
Although Ajax felt that using technology was only halfway communicating, 
he confirms that common understanding was a benefit when he said, “the person that 
used it shared what was on the laptop and there was no confusion because in the 
group work, one can get stuck”.   
The first part of the sentence indicated that the type of technology also 
influenced how participants used the technology.  As one Tablet PC was assigned 
per group, only one participant could use the keyboard, thereby, controlling input 
into the computer.  In the case of EDSA, although each member of the group was 
given a desktop computer and access to the EDSA software, video observations 
show that group members would work individually and then gather around a 
perceived “leader” or “recorder” and engage in discussion.  However, personality 
domination was not always appreciated as in the case of Kaih who felt frustration 
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about a perceived over-dominance and not being part of the decision-making process 
as discussed above.  Kaih commented: 
Group work's always tricky… can be tricky because there's always a big 
tendency for one or two people... like if the group has more than one or 
two people, there's always a tendency for say one or two people to take 
over.  Where there happens to be a keyboard or whether it is more inclined 
to be that way or whoever is more familiar with the software who has used 
it before. 
 
The fact that Janos, Ajax and Kaih are on the lower ranks of their groups’ 
CTR, their responses indicate that their participation in their groups was impacted by 
the influence of more dominant members.  This indicates the need for guidance in 
how groups are expected to use the technology and task sharing responsibilities to be 
explicitly defined by the group to avoid frustration or feeling left out. 
5.4.2.4 Central storage utility in support of group task 
As can be gleaned from the above discussion, the Tablet PC was used 
effectively as a central storage and repository of group files which can be used to 
share and compare as participants worked through completing the learning task.  The 
comments in relation to learning technology as a central utility tool stemmed mainly 
from participant experience with the Tablet PC.  Ajax, Daryl, Daruk, Janos and 
Mack supported the notion that the Tablet PC provided a useful and convenient 
central share point to collect, store and revise thoughts and ideas in real time.  In 
addition, the learning technologies allowed for a more efficient way to complete the 
task, in particular, the EDSA.  Daryl felt that the Tablet PCs was “convenient for 
doing calculations and doing some of the working out that they had to do”.  Janos 
was somewhat more explicit in saying, “The Tablet PC was used to replace butcher's 
paper type thing in group work, instead of using butcher's paper which at the end of 
   
CHAPTER 5 Case 2 Results and Analysis  194 
the course you couldn't do anything with… it helped us keep what we were doing 
and learn from it later on”.  Mack points out its usefulness saying, “We had one 
common point to record our answers [rather] than everyone writing on their own 
notepads.  The other thing was that the written answers were also important because 
we could run through all the work out and could check for other people's mistakes 
and then recorded the final answers on the Tablet PC”. 
Daruk’s response was a qualification in terms of providing a purposeful 
learning tool and as an equitable and flexible visual support for learning. 
 If it is useful and essential to the course then yes, but if it is there just for 
the point of being there then I won't use it unless I can see a reason for it.  
The only advantage I can see it used in the course was in the discussion…  
I can definitely see an advantage of being to put it straight up on the screen 
possibly even to the extent for those that have seeing problems that when 
they do work in reverse, they can put them up on the screen to bring it 
down to the Tablet, for those people that have seeing issues or if there is 
someone bigger sitting in front of you at one point then it always helps, 
too. 
 
Daruk’s first sentence above emphasises the need for purposeful use of 
technology in the classroom.  Further in his statement, he has also highlighted how 
technology can offer better ways of sharing and discussing information through a 
common screen or by downloading the information on the group’s Tablet PC.  
Participant responses, however, offered further qualification in terms of the 
contribution of the Tablet PC and EDSA to the actual learning of the theories and 
concepts. 
5.4.2.5 Technology setup to facilitate learning behaviours 
The responses of Ajax, Daryl, Daruk, Janos, Mack and Kaih to the 
question of how technology can help in their learning, their responses strongly 
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indicate that learning technologies such as the Tablet PC and EDSA contribute to 
their actual learning through its function as a common share point for bringing ideas 
together.  In other words, it was not the technology per se but the conceptual mental 
models that developed in participants, and the ensuing discussions which helped 
them learn key concepts and skills, and facilitate common understanding in the 
group.  This was more evident for EDSA and could be explained by the fact that this 
was a technical system used in the transmission and distribution industry.  Electrical 
engineering project teams use systems like EDSA to create visual maps or models 
which are essential to their understanding of power system designs.  Specifically, 
learning was acquired because the technology was a vehicle used to: 
Collect and share thoughts and ideas.  As a central collection point for thoughts and 
ideas, Janos explains that the Tablet PC added to the learning process because, “we 
could record more of our results for posterity and would put the Tablet PC in the 
realm of the electronic blackboards, although we had electronic black/white boards 
as well, we could record things a lot easier so group work could be shared around 
later on like notes”.  Daryl echoes Janos’ comment, “With one Tablet PC per group, 
one person wrote down everything for the group and acted as the central point to 
collect all their thoughts and ideas”. 
Clarify task, theories and concepts, and reinforce and deepen understanding.  Daryl 
felt that they were learning specifically about the software (EDSA) but calculations 
were “showing the physical effects of what we were looking at theoretically and so it 
reinforced a lot of the theory that we had been learning and being able to model it on 
the software”.  As such, there was “in-depth and on-the-ground insights” into the 
theory which allowed learning of different aspects, that is was more than just a 
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modelling or calculation tool.  Janos felt that EDSA was a software package that 
allowed them to connect the technology with theory concepts: “It was a good tool to 
use.  We were taught in such a way that the tool built on theory as well.  We learned 
to use the tool and learnt how to use the programme but learnt how to use the tool 
and what the results meant as well”.  This indicates that EDSA allowed Janos to get 
a deeper theoretical understanding. 
Provide a central working environment to determine and revise outcomes of the task.  
Ajax felt that he learned more than just using it as a tool for modelling but to “do 
calculations in an efficient way.  [On the other hand] It did not help in terms on 
understanding the plant that was involved, it was merely a way of overview, tracking 
the calculations in an accurate manner and sharing what you thought of all the 
different inputs”.  Ajax’s statement indicates that the Tablet PC could only provide 
an environment to share the task compared to EDSA which was a more appropriate 
tool for engineering design modelling. 
Provide greater focus for the group, increase efficiency and keep track of thought 
processes.  Daryl highlighted that, “The Tablet PC gave them a focus point for them 
to sit and work down our notes and keep track of their thought process and do 
calculations that they could all share”.  It provided for increased efficiency which 
allowed more cognitive space for focusing on understanding concepts.  Daruk felt 
that he could learn what needed to be learnt without EDSA but he would have to 
work through it a bit more but, “…it would fall into a nightmarish of calculations 
which sometimes are wasted as sometimes the answers can be very clearly 
explained.  Sometimes when one explains a little more without a computer 
simulation, they use a lot of numbers and calculations.  Thought they can understand 
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it all, by the time one gets to the final number, one gets to wonder "what the hell 
does that mean?”.  In this statement, Daruk implies that technology reduces 
cognitive load and avoids confusion and getting lost in the process by allowing 
technology to do the complex and operative aspects of the task and allowing the 
learner to focus on the key concepts to be learned because essentially, when applied 
in practice, these technologies are used as aids to increase their efficiency and project 
output. 
Represent theory in a dynamic and visual form.  Mack’s response provides an 
indication of mental modelling as a function of visual representation and 
understanding theoretical concepts using a system modelling tool, in this case, the 
EDSA:  “…it was a good platform to work through the system model and understand 
the components and it was very worthwhile… most systems program are reasonably 
easy to learn and if you understand the inputs they should all have the same inputs, 
the same system model.  They should be able to use that knowledge to implement in 
other programs.  It was not really about how to use it but it about how to system 
model.  It is a recognised tool and having someone take us through was really 
worthwhile”.  This implies that it did not matter what system modelling tool was 
used, participants still acquired the concepts about system modelling which could be 
applied in other contexts and systems.  Furthermore, Daruk explains, “The biggest 
thing is to understand how the electricals work as you can't see it.  You cannot see 
electricity and you cannot see a 'fly' so there is no way of actually doing it but 
explaining it, so you actually need to use simulations, numbers or analogies to be 
able to try and get people to understand it so that is why the simulations were very 
good as it saves you a lot of time having to mumble jumble and try to figure out why 
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X went to Y and then went to P and all that stupid stuff”.  The perspective given by 
Daruk and supported by Mack, is an indication of the need for purposeful use of 
technology, “using tools for the right reason”, and that specific technologies are 
needed to acquire the key concepts to be learned.   
Key Point 5 
In summary, one can see that for Case 2 Groups 1 and 2, there are a number of 
predicating factors that will influence collaborative behaviour and learning in 
groups.  Technological self-efficacy or confidence in the use of technology alone 
will not determine how learners will behave in groups and in a technology-enabled 
environment.  One should consider how the predicating factors during technology 
usage play a part when evaluating the quality of learner interaction and critical 
behaviour in collaborative groups: experience and training, domination of stronger 
personalities, central storage utility in support of a group task, and set-up to facilitate 
learning concepts and skills.   
 
Thus, in answer to the research question of whether learning technologies 
influence the acquisition of deep learning and critical thinking within a technology-
enabled collaborative group environment, the factors above should be considered 
into the design of the group task so that collaborative discourse and interaction can 
be supported.  Technology should be used as a vehicle to support the learning 
behaviours discussed above, thereby facilitating higher orders of thinking. 
5.4.3 Learning and critical thinking in group work 
This section answers Research Question 3 namely, How might learning be 
designed to facilitate the acquisition of deep learning and critical thinking within a 
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technology-enabled collaborative environment?  It focuses on the learning and 
critical thinking aspect of the collaborative and technology-enabled activities in the 
study, in particular, with reference to Case 2 Groups 1 and 2.  The analysis was 
aimed at gaining further insights in terms of participant suggestions to improve how 
they learned and what they would do differently next time to ensure that they get the 
most benefit from learning and completing their activity while using the technologies 
provided.  The interview questions differentiated between Tablet PC and EDSA so 
responses could be validated accordingly.  Although the main activity from which 
critical thinking data was gathered was during the use of the EDSA, key comments 
on Tablet PC experience is included in the discussion below because of the insights 
they provide.  Participant responses are categorised below: 
5.4.3.1 Differences in learning approach 
In this section, the terms “learning style” and “learning approach” are used 
interchangeably by students in their responses, suggesting their awareness of 
individual learning differences as the former.  Overall, participants in Case 2 Groups 
1 and 2 felt that differences in learning approaches within their groups did not affect 
group outcome but rather, did affect the pace and dynamics of the group work and 
which depended on a number of conditions.  There are five of these which are now 
discussed: 
Similarity of learning approaches amongst group members.  Daryl felt that this was 
something that needed to be taken account as they completed the group work.  It did 
not necessarily affect the final outcome of his learning, it just changed the pace or 
the way his group went about doing some of the work.  In addition, he felt that, “in a 
group of people that had similar learning styles to myself, the group work would 
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progress a lot more intuitively, whereas if we had people that might learn more 
visually or in a different manner to myself, and if I had not done work with that 
group of people, some people can be left behind or not understand the flow of work 
that was going on”.   
Making differences in learning approaches work for the group.  Daruk felt that the 
activity would be different from looking a project.  He had done fault current and 
voltage drop calculations and could do this without opening a book and to him, the 
project was a very simple task.  However, for the activities, participants had to go 
back to the information several times just to get other members up to speed which he 
attributes to their different industry backgrounds and the ability of people to pick-up 
the concepts, “I pick up things in one way very quickly, and needing diagrams to 
visualise it.  But the group I was in was good enough to be able to put their own little 
bit to try and make it work”. 
He found that his own approach helped with getting a deeper understanding 
or learning in the group activity.  He explains the benefit of him providing a visual 
representation in his statement, “…so that when they want something identified, they 
actually understood it and could identify the thing that everyone was saying.  So 
trying to understand what was actually going on and everything that people say 
comes together would make a lot more sense, so one can question more”. 
Good communication and collective input into the task.  Ajax felt that as long as 
each member was receiving input from other members of the group, he did not see 
differences in learning styles as a problem.  “It will not be a problem as long as each 
person is having some sort of input and is communicated by that person.” 
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Janos supported this condition as he indicated a preference for working 
through the problem together as opposed to “swimming on their own and see how 
they survive and then compare how they did it”.  Janos felt it was difficult to work 
out the process and then figure out where one went wrong as opposed to getting an 
understanding from going through it all from the start.   
It is noteworthy that Janos and Ajax had the lowest CTR for their 
respective groups and are also “low need achievers”.  This would indicate that “low 
need achievers” will find benefit in the social or collective approach as it allows 
them to gain perspectives from other members in the group. 
Achieving a sense of self-satisfaction.  Gaeg acknowledges differences in “learning 
styles” in his group but it was important for him to achieve his personal goal of 
learning the lesson in-depth.  He comments that: 
I typically approach a subject like a swimming pool.  Some people want to 
jump in and if they can swim from one end to the other, they think they've 
achieved it, or a little bit like orienteering, some people walk from one 
track to another and they think they've achieved it because they've walked 
along a specific track. 
 
Gaeg’s statement above implies that different approaches can contribute to 
each learner contributing to the final outcome because they can provide different 
perspectives.  However, the social dimension of knowledge acquisition is not so 
important for Gaeg as achieving self-satisfaction in knowing that he has depth of 
understanding.  This is demonstrated in his statement, which is characteristic of a 
Deep (exclusive) profile: 
I tend to think of it as when I jump into the swimming pool and splash 
around and explore and leave the track in the bush, look all around and do 
a lot of exploring so that I am actually familiar with the layout and how 
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everything comes to him even if my marks and specific knowledge might 
not be as great as some others.  …I feel that I have a depth of 
understanding even if it be broad as I like to get a broad understanding.  
…If I do not draw quite a specific thing that is being asked I don't mind 
because I am sort of splashing around finding and exploring. 
 
Gaeg’s comments further highlights the value of individual self-efficacy (as 
opposed to technological self-efficacy) as a factor for effective learning because of 
the belief he has in his own capabilities and ability to influence his approach to 
learning.  As discussed in Section 2.3.4, this aligns with Bandura’s (1994) 
characterisation of people with a strong sense of perceived self-efficacy, that is, they 
generally have a positive outlook and therefore, task performance is enhanced 
because challenges are seen as something to be mastered rather than as threats to be 
avoided. 
Personality differences.  Mack feels that differences in “learning styles” could make 
group interaction better or worse, depending if the most vocal person is seen to be on 
the right track with others.  He comments: 
Generally, there is a bit of hit and miss because the person's personality 
affects their learning style. Some people might have the right answer but 
they are too shy to speak, contrary to their own learning experience... I 
don't know how to answer that one.  It is sort of a dynamic situation, isn't 
it?  And people think differently on different days as well, how well they 
slept, they ate... 
 
Mack did not consider having someone in his group being more quiet or 
contemplative, as opposed to speaking out, as a problem because he considered this 
person either knew it all already or would not get as much out of it as the more vocal 
person.  He further qualifies his statement by saying, “The same person may be very 
polite but he does not do so much at all.  The joint learning session, he'll probably 
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come out with better answer than anyone else because he sat back and listened to 
what everyone has to say”. 
In a similar perspective to Mack, Kaih explains, “Well, a lot of it is the 
way you interact with different members of your group.  It's fairly dependent on the 
type of people who are there and how knowledgeable they are and their personality 
and so forth.  Some people are happy to go through things in a superficial kind of 
way, quickly and superficial, while some people like to sort of question things a bit 
more when ummmm... and possibly explore certain questions that come to mind 
and...”. 
5.4.3.2 Scaffold learning of the technology 
Scaffolding is a teaching and learning strategy that supports learners’ 
adaptability to a learning situation by designing the learning to support 
transferability of concepts (Reiser, 2002).  It is common practice amongst teachers to 
design courses that scaffold the learning of concepts and theories and use technology 
to support the scaffolding process.  It is presumed that learners today are technology 
savvy.  Thus, learning the technology becomes incidental to the learning process.  
This is not surprising when one looks at studies of the younger generation’s 
technological efficacy (Kvavik & Caruso, 2005; Oblinger & Oblinger, 2005).  The 
interviews revealed, however, that this perception is not entirely justified for younger 
Net Generation learners, like the participants in this study.  As described in Chapter 
3, the course was designed with a traditional group work design where participants 
are given the instructions on how to use the technology in class with limited 
intervention about how they could collaborate.  The lack of scaffolding to support 
learners acquiring skills to use the technology before being given a conceptual 
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learning task is reflected in the comments by Mack and Gaeg who have the highest 
CTR, and Kaih who was amongst the lowest that demonstrated critical thinking 
statements.  However, all three respondents are Deep learners.  Note that Mack is 
very confident across all technology types and Gaeg has rated himself as not very 
confident at all with Synchronous and Asynchronous II technologies, while Kaih is 
somewhat confident for both these technologies. 
It would have been good to have it as an in-between assignment, 3 days on 
EDSA and at the end of the 2nd day, been given an introduction and then 
an assignment to work over the break to play with it and then come back 
and nail it even more…  Having one day with a bit of an introduction 
would have been quite good. 
(Gaeg) 
 
I am reasonably confident that I had done most of it as I have used EDSA 
in a number of projects and also I check other people's work anyway but 
I’m not sure if the other students could do that.  I often do not need to use 
the tool like EDSA anyway and if you do not use it then you forget how to 
do it. 
(Mack) 
 
Well, I am not intimidated by these programs.  It can take you time to get 
you up to speed and if you're not familiar with the particular package and 
you don't have much time to get familiar with it then, you know, it can be 
a bit of a stress there.  I don't feel intimidated by any of these 
technologies... coz I have not had enough time to get up to speed on it, 
then I might feel a bit tentative about it.  If I were given more opportunity 
to get up to speed on it, maybe use it before or whatever.... well if you just 
happen to be the sort of person that you just dive into it, into new packages 
and sort of use ‘em quickly, whereas I'm more sort of... I don't know, a bit 
slower and more careful in learning how to use these sorts of packages. 
(Kaih) 
 
   
CHAPTER 5 Case 2 Results and Analysis  205 
The above comments strongly suggest that the need for more practice with 
using technology was important to facilitate conceptual learning, and then followed 
by exercises or assignments to verify self and group learning.  Bearing in mind that 
the participants from Case 2 Groups 1 and 2 are generally technology savvy, it 
appears that the presumption or expectation that technology can be easily integrated 
in practice or in group work because it is presumed that students can “plug and 
play”, is not always true.  Instead, it is more likely to be a disservice to students as 
suggested in the notion of “stress” by Kaih.   
It is also interesting to note Janos’ comments on the generational aspect of 
learning and using technology.  Janos felt that because of the age bracket he was in 
(Generation Y), technology was not hard to adapt to as it would be for previous 
generations.  He could see that, “this could be a learning barrier and for the younger 
generations coming through, it is just going to get better”.  The implication in this 
statement is that younger upcoming learners who would have grown up with 
technology embedded in everything that they do will be less likely to require as 
much training as older generations (Generation X, Baby Boomers and older).  The 
nature of technology support to be given to generational learners will need to be 
considered, in particular, adaptation and training. 
5.4.3.3 Design of the course and activities for educing critical thinking 
Everyone in Case 2 Groups 1 and 2 felt that although, there was general 
satisfaction with the design of the course, changing some aspects of course and 
activity design could facilitate better learning and critical thinking.  There are four 
changes indicated which are now discussed: 
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More depth and structure in the course and topics.  Daryl’s comment echoes how 
participants felt about the general design of the EDSA activity (Activities 7.1.2 and 
7.1.2), “As to the EDSA tool, I am very happy with the activities that were put 
together for it”.  Janos echoed Daryl’s comments but qualified it: “If they were to 
do it all again, I would take the opportunity to sit down myself and then with the 
group, work out how to maximise our learning a bit more and that comes down to 
how the group decide on how to approach it”.   Further insight is provided by a 
review of the video transactions from Daryl and Mack that an assignment would be 
beneficial to their learning:  
I think this piece of assessment would be more useful if we actually 
calculate the values rather than handwritten, taking down handwritten. 
That's my 2 cents.  
(Daryl)  
 
I would like to have had an assignment (some of which we did) to verify 
for instance, the calculations for the system model or some component.  
But we did this in class, and this could be a useful assignment. 
(Mack)  
 
When asked whether his expectations of the course were met and if he felt 
he acquired a deep level of learning in the course, Gaeg responded that the course 
was not in-depth enough and it was too light.  It was what he expected a trade 
electrician to learn.  Even if the course allows technicians in the course, he still felt 
that the degree of complexity should be increased.  He felt that, “the first part of the 
course was too light and it was when we used the modelling software, we could have 
spent more time”.  He felt that what was done in the first three days could have been 
done in two days and then use the extra day for the actual modelling. 
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Ajax had a similar comment.  He felt that, “there were not many examples 
of networks where you had to it yourself, you could but in the classroom in an 
intensive format like the examples that we made... but then it is part of learning to 
include everything and generally in my work we look at single line diagrams...”  
Here Ajax was not sure if time provided to do the single line diagrams was too short. 
These responses indicate that to elicit critical thinking, tasks should be 
designed to educe higher order thinking skills which they have represented as 
increasing the degree of task complexity.  In particular, Mack and Daryl’s 
comments above imply that tasks should be designed more explicitly to draw out the 
critical thinking behaviours to be learnt.  However, in doing so, Janos’ response 
implies that greater structure in terms of how to approach the task would be 
beneficial through a consensus approach or through guided instruction. 
Timing of the course.  The statements of Ajax and Gaeg above and who are not very 
confident and not very confident at all, respectively, with Synchronous and 
Asynchronous II technologies, also indicate the need to revise the timing of the 
course to give more time to practise using the technology.  There is also a difference 
between the statements of Gaeg, Mack and Daryl (Deep learners and Deep 
Achieving learner, respectively) and Ajax (Deep learner but is a “low need 
achiever”), with the former expecting greater depth of learning to be achieved and 
the latter more accepting of the “state of affairs” or design of course as provided.  
This means that these participants show attitudes that are consistent with their 
learning approach profiles. 
Learning tools and job aids as products for activity.  The type of activity output or 
deliverable was also highlighted by Gaeg which he indicated could be of more 
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benefit to learning by developing learning tools or job aids as a product of the 
activity.  Gaeg felt that because of his learning style he tried to make some tools, a 
spreadsheet for working out the calculations or something similar which he could 
take away.  It is noteworthy to mention here that Gaeg has made the most frequent 
metacognitive (explicit and non-explicit or implicit) statements for Group 1.  The 
statement below shows where metacognition is demonstrated (see brackets) in his 
response to the interview: 
If we had some sort of cut-down version of EDSA or something where we 
could do some particularly simple stuff…  it would have been good to 
have something that they could actually walk away, with something that 
they could type some numbers [KT – knowledge of the task].  This could 
be the course providing the toolkit or part of the course, could be to 
actually build that toolkit such as MatLab or MathCad which could be 
partially built and an assignment could be given to finish the common 
calculations in there and then take away those calculations and have 
numbers punched in, this could have been helpful [KS – knowledge of 
strategies].  … I could not use EDSA confidently now after several months 
outside the course [SSA – skill of self-awareness] but if I used the notes 
and had half a day to play with it, I would start to be a bit more confident 
[SE – skill of evaluation]. 
 
Metacognitively, Gaeg demonstrates an awareness of one's approach to a 
cognitive task (KT – knowledge of the task), strategies used to reach an objective 
and assess one’s progress (KS – knowledge of strategies) and ability to identify, 
decipher and interpret correctly the feeling and thoughts connected with a given 
aspect of the task (SSA – skill of self-awareness) and value of one's ideas or way of 
going about a task (SE – skill of evaluation), all of which are reflected in the group 
work discussions as they worked through Activities 7.1.1 and 7.1.2.   
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Physical environment.  Attention to the physical environment was also highlighted in 
the interviews by Daruk and Gaeg.  Although they do not represent a significant 
majority of the participants, their comments are noteworthy.  Comments centred on 
improving the room and technology set-up, and getting cut-down versions of the 
software package.  The latter relates more to EDSA as this is expensive software. 
The set-up of the room, as I was one of those people that had to turn 
around a few times, it would be slightly better with more space and try to 
get the information across a bit better.  …It was a good way of doing it but 
it would be good to have a set-up where everyone had a machine to 
actually access it and work through it at their own pace and have the 
assistance if need be. 
(Daruk) 
 
Daruk, who is a below average Surface Achieving learner but with AM, 
felt the room was not conducive to learning as it could have been.  One can see from 
his statement that he expects the physical environment and hardware to facilitate 
information exchange and interaction of the group.  The requirement is for an 
immediate effect to support his learning.  Gaeg, on the other hand, was more focused 
on the technology itself: “I would have liked to have gone and see if we could get 
cut-down versions of the software packages out there that deal with the first part - 
cabling and voltage drops - to play with it a bit more between Block A and B”.  This 
statement was a further comment of Gaeg’s statement in the previous section, and 
therefore, his reasons for improving access to the technology are geared towards 
acquiring the theoretical knowledge and skills to apply it long-term. 
One can infer from the above that more surface-oriented learners are more 
likely to think of fulfilling an immediate need compared to deep-oriented learners 
who will consider the long-term benefits or impacts of their learning experience. 
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5.4.3.4 Group guidance in engaging with the technology 
The extent to which technology support in group work impacts on the 
learning and avoids “technology stress” as alluded by Kaih in the previous section, 
appears to be influenced by the provision of sufficient guidance in terms of 
additional learning aids, guidance in the way groups use the technology and 
considerations for defining group configuration.  Kaih, Ajax, Daryl and Daruk 
provide the following comments in reference to EDSA: 
Provision of learning aids.  Kaih’s comments below indicate that, although students 
were provided with a handout on how to use the EDSA Power System Modelling 
tool, since this consisted of thirty-three pages, a concise and quick-access set of 
instructions would be useful.  It is also important to note that the lecturer conducted a 
walk-through of the key functions of the EDSA Power System Modelling tool at the 
start of and during the activity.  
This might be off the track, it might be good idea in the future if you can 
produce some sort of three or four pages of just… of however many pages 
of sheets of how to find all the commands you need to say, help build up 
the model.  Three or four pages of instructions so that if you get stuck, it 
tells you how to do... if you need to... say a transformer... something 
outlining the rules, you know so that you can find things.  Sometimes it's 
not even in the menu and you sort of maybe hold down a key and 
whatever. 
(Kaih) 
 
His comments are further qualified by his previous statement on stress, 
“Well, I am not intimidated by these programs.  It can take you time to get you up to 
speed and if you're not familiar with the particular package and you don't have much 
time to get familiar with it then, you know, it can be a bit of a stress there”.  This 
supports the study of Angeli and Valanides (2004) when they measured perceived 
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task effort based on the theory that cognitive load can affect learning when 
technology is integrated into the learning task (Chandler & Sweller, 1991).  As 
indicated previously, teachers often underestimate how much scaffolding is required 
for learning the technology itself.  It is often presumed that a “user manual” and brief 
walk-through, as in this case, would be sufficient to allow students to complete the 
learning task.  However, this was not sufficient.  This indicates the need for further 
consideration of how activities are designed to include the provision of learning aids 
and to scaffold learning of the technology, in addition to those provided for the main 
lesson.  
Guidance in the way groups use the technology.  Daryl mentioned that sometimes 
the main point was not very clear from the start and there was confusion amongst the 
group about what the desired outcome was.  He felt that, “this can happen at any 
time anyway”.  Although this may be a common occurrence in classrooms, as Daryl 
indicated, it is a given that clarity of instructions and expectations from the course or 
task are essential to learning.  The extent to which this is done is highlighted by Ajax 
who shares that while using the Tablet PC ideas flowed freely, “…when Daruk puts 
it on Tablet PC and it becomes a real sharing of ideas, so it was more collaborative, 
and a real sharing of ideas.  There were a lot of ideas floating around and the result 
was what everyone wanted”.  However, he continues, “With the Tablet PC, it would 
be good if everyone gets a turn or is encouraged to use it”. 
Although the group had achieved what they were supposed to achieve and 
there was a collaborative environment created by using the Tablet PC to collect 
everyone’s ideas, Ajax still felt that he could have had greater participation by being 
given the chance to be in control of the learning technology.  So his comment goes 
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beyond guidance in the performance with the technology to include the way users 
are engaged in the use of the technology towards achieving the learning objective.  
This is exemplified by Daryl’s comments below when asked what he would change 
in the way they used the technologies:   
I would be a bit more organised with the approach to using the Tablet PC 
in the group work.  However, at the end, we had it working well even if it 
was not something they initially put their mind to and developed along the 
way.  If I were to do it all again, I would take the opportunity to sit down 
and then with the group to work out how to maximise my learning a bit 
more and that comes down to how the group decide on how to approach it. 
 
Considerations for defining group configuration.  The ability to achieve engagement 
with the technology can be further enhanced by considering group configuration 
according to the affordances that the technology provides.  This issue also relates to 
experience and balance of personalities in the group as alluded to in previous 
discussions.  Kaih’s statement demonstrates this: 
Where there happens to be a keyboard or whether it is more inclined to be 
that way or whoever is more familiar with the software who has used it 
before or... ummmm... so sort of… or maybe smaller groups...  it may be 
best to keep smaller groups down to maximum three people. Might just 
more than that like four people and one can do the ummmm.... it can be 
difficult for one to get in to be close enough to see and you know, 
participate properly that might be pushing people aside.  Probably ideal 
might be two people, I guess.  Work in pairs is not a bad way to go. 
 
Kaih provides an important insight into the impact of technology 
integration on group dynamics.  As with Ajax in the discussion above, Kaih’s sense 
of wanting to be part of the group solution is taken over by not wanting to cause 
discord in the group.  It is interesting to note that the strategy that Kaih suggests 
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implies reducing the numbers to force group members into a situation of forced 
participation.  It is noteworthy that although both Kaih and Daryl have Deep 
Achieving profiles (average and above average, respectively), Kaih’s approach 
differs from Daryl’s statement in the previous section where he is focused on 
acquiring group consensus on approaching the task in order to maximise their 
learning.  This highlights how personality differences can influence how students 
may interact in groups and how they may plan to go about completing a group task. 
Key Point 6 
In summary, in order that learning and critical thinking in technology-enhanced and 
collaborative activities can be facilitated (for Case 2 Groups 1 and 2), there are a 
number of conditions that need to be incorporated into course and activity design: 
ensuring that conditions are supportive of allowing differences in learning 
approaches to support group interaction and contribution; scaffold learning of the 
technology to reduce cognitive load and frustration; ensuring that the learning 
activity educes critical thinking, that is, it provides the challenge to learners to allow 
them to think more in-depth and critically; timing and schedule should allow for 
learning and skills acquisition to be effective long-term; and learning tools to be 
provided to reduce cognitive load.  So in answer to the research question of how 
learning can be designed to facilitate the acquisition of deep learning and critical 
thinking within a technology-enabled collaborative environment, it would depend on 
the extent to which the instructional design is supportive of optimising the learning 
experience and reducing the barriers to effective learning and critical thinking.  The 
issues identified above are key elements that need to be considered during the design 
process. 
 
   
CHAPTER 5 Case 2 Results and Analysis  214 
5.5 Case 2 summary 
Case 2 showed that learning approaches, eductive ability, course design and 
the technology-enhanced environment influence the way learners will perform 
critically in groups.  Six key points relating to learning to eductive ability, learner 
approaches and strategies influencing critical thinking have been presented.  In 
addition, the influence of technological self-efficacy in critical thinking performance, 
and learning and critical thinking in group work was discussed.  Case 2 identified the 
technology-related predicating factors to be considered during course design to 
ensure that these did not hinder the learning process.  Additionally, a number of key 
conditions will need to be implemented to ensure that critical thinking can take place 
within technology-enhanced and collaborative learning environments.  These are 
summarised in Table 5.7. 
Table 5.7 
Summary of Findings for Case 2 
Key Points Findings (face-to-face) 
1 Frequent critical thinking behaviour 
 The relationship in terms of similar ranking between DAA and 
eductive ability was not strongly evident in Case 2, although there 
appears to be a similar trend.   
 As in Case 1, learners who had a high AA and those with a DA (in 
particular, higher DS) tended to make frequent critical thinking 
statements and more so, when DS is accompanied by a high 
Achieving Approach.   
 As in Case 1, critical thinking frequency appears to be a function of 
the individual mix of motivation and strategy scales and subscales, 
that is, the individual learning profile, with a high AM making 
learners perform more critically in collaborative groups. 
 
Critical thinking ratio (CTR) 
 As in Case 1, learners with higher DAA tended to perform better 
overall especially when they had a high DM.   
 As in Case 1, deep learners (particularly with high DS and/or DM) 
tended to have a more positive CTR.   
 As in Case 1, learners with low DAA, AM and AS tended to have 
less positive CTR.   
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Key Points Findings (face-to-face) 
 The role that an Achieving or Deep Achieving learner may be tasked 
to do can influence the way they behave critically especially if there 
are factors affecting their communication.   
 Experience or upbringing influences critical thinking behaviour 
contrary to their general learning approach. 
 Participants who had higher eductive ability were more likely to 
perform more critically overall.   
 DA learners did not necessarily perform critically in collaborative 
groups but when accompanied by a low AM in their profile, were 
most likely to perform less critically 
 
2 Performance at higher levels (types) of critical thinking 
 One may determine the quality and level of a student’s critical 
contribution to group work discussion based on their overall critical 
thinking performance (CTR). 
 A weak relationship existed between eductive ability and the 
exhibition of higher levels of critical thinking behaviour. 
 Learners with high eductive ability and CTR appeared to exhibit 
more of the higher order CT skills. 
 The dominancy of AM and AS subscales played a part in how non-
Deep or DA learners demonstrated various types of critical thinking 
skills. 
 The role that members undertook in a group, and experience or 
upbringing influenced critical thinking behaviour contrary to their 
general learning approach. 
 
3 Surface, deep and achieving profiles 
 As in Case 1, Deep learners, especially with a high DS, were likely to 
exhibit higher levels critical thinking behaviours face-to-face while 
the opposite was be true for learners with Low Achievement 
Motivation or “low need achievers”. 
 If learner AA was high compared to their SA scale scores in their 
profile, they were likely to perform more critically. 
 Factors like work overriding the priority to learn, poor learning skills, 
frustration, stress and poor self-confidence, may influence critical 
thinking behaviour even if a learner has a stronger DA and AA scales 
compared to their SA scales.   
 
4 Explicit and implicit or non-explicit metacognition (NEM) 
 As in Case 1, the more critical statements that students made, the 
more chances there were of the students thinking metacognitively 
and, therefore, exhibited this explicitly or non-explicitly or in an 
implicit manner.   
 Unlike Case 1, CTR and eductive ability appeared to differentiate 
explicit and non-explicit or implicit metacognitive behaviour.   
 DAA was not likely to differentiate participants in terms of their 
explicit metacognitive statements. 
 Deep learners with high DM deciles or subscales tended to make 
metacognitive statements unless they had a very low AM decile or 
subscale. 
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Key Points Findings (face-to-face) 
 
5 Influence of technology 
 Predicating factors that will influence collaborative behaviour and 
learning: 
o Experience and training with the technology. 
o Control of technology by stronger personalities. 
o Central storage utility in support of group task to allow for: 
 collecting and sharing of thoughts and ideas; 
 clarification of task, theories and concepts, and to 
reinforce and deepen understanding; 
 a central working environment to determine and 
revise outcomes of the task; 
 greater focus for the group, increase efficiency and 
keep to track of thought processes; 
 representation of theory in a dynamic and visual 
form; and 
o Technology setup to facilitate learning behaviours. 
 As in Case 1, technological self-efficacy or confidence in the use of 
technology alone will not determine how learners will behave in 
groups and in a technology-enabled environment.   
 
6 Instructional design considerations 
 Conditions that need to be incorporated into course and activity 
design: 
o Ensuring that conditions are supportive of allowing 
differences in learning approaches to support group 
interaction and contribution, such as: 
 good communication and collective input into the 
task;  
 achieving a sense of self-satisfaction; and 
 considering personality differences. 
o Scaffold learning of the technology to reduce cognitive load 
and frustration. 
o Ensuring that the activity educes critical thinking, that is, it 
provides the challenge to learners to allow them to think 
more in-depth and critically by: 
 more depth and structure in the course and topics; 
 timing and schedule allowing for learning and skills 
acquisition to be effective long-term; 
 learning tools that are provided to reduce cognitive 
load; and 
 ensuring that the physical environment is supportive 
of learning. 
o Group guidance in engaging with the technology is provided 
through: 
 provision of learning aids; 
 guidance in the way groups use the technology; and 
 defining group configurations. 
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Key Points Findings (face-to-face) 
 Facilitating the acquisition of deep learning and critical thinking 
within a technology-enabled collaborative environment would depend 
on the extent to which the instructional design is supportive of 
optimising the learning experience and reducing the barriers to 
effective learning and critical thinking. 
 
 
Overall, Case 2 indicated that deep learning and critical thinking within a 
technology-enabled collaborative environment would depend on the extent to which 
the instructional design is supportive of optimising the learning experience and 
reducing the barriers to effective learning.  In other words, the findings of Chapter 5 
suggest that by setting up a learning environment that reduces the constraints to 
engage critically (e.g., cognitive load), one reduces the impact that predisposition to 
individual learning approaches and skill bases have towards critical thinking 
performance, especially for low achievers and surface approach learners.  To this 
end, the proposed CoLeCTTE framework (see Figure 2.6, p. 52) was revisited and 
revised to accommodate the above conditions and predisposing factors and then 
implemented and investigated in Case 3.   
5.6 Revisions to the proposed CoLeCTTE framework 
As indicated by the results from Case 2, the CoLeCTTE framework 
required revision to accommodate the conditions and predisposing factors that would 
enhance support for critical performance in collaborative and technology-enabled 
group work.  To achieve this, the activity design, technology environment and 
boundaries of the two performance areas (facilitator performance and learner-to-
learner performance areas) in the proposed CoLeCTTE framework as discussed in 
Section 2.5.2 needed to be redefined and functions within these boundaries re-scoped 
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(see Figure 5.13).  To assist the reader, the proposed and revised frameworks are 
placed on the same page for comparison.   
 
Figure 5.13. Revised versus the proposed CoLeCTTE framework. 
Proposed 
Revised 
1 
2 
4 5 6 
 
events 
7 
3 
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Additionally, key changes to elements of the framework are labelled by 
numbers while performance areas and processes (events) in the diagram are 
indicated by corresponding coloured/dashed borders and symbols in the discussion 
below. 
First, the “theatre” metaphor is introduced which presents a learning stage 
where active, creative and higher order learning is targeted.  It represents the 
physical space where an activity framework is used to guide conceptualisation, 
development and implementation of the critical thinking task/s on the learning stage.  
Dillenbourg, Jarvela and Fischer (2009) presented the notion of orchestration to 
coordinate supportive interventions in the learning environment.  The revisions to the 
CoLeCTTE framework is an attempt at increasing the level of orchestration from the 
traditional schema presented in the proposed version. 
Significantly, one can see that the teacher performance area  (1) has 
broadened to indicate the extent to which teacher monitoring activity and learner 
performance should take place.  More importantly, the learner-to-learner 
performance area on the learning stage is changed to learner-teacher-learner  
performance area  (2) to indicate the facilitatory nature and socio-cognitivistic 
aspects of the relationship between learner and teacher.   
The processes of define, design and develop, activate and initiate, task 
performance, delivery of outcomes, and evaluation were retained in terms of order 
within the framework.  However, rather than use the term “process/es”, which can be 
confused with the learning processes taking place during activity performance, the 
term “event/s” is used in the revised CoLeCTTE framework (3).   
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The elements underlying what is now called “events” within the learning 
stage were modified to accommodate the conditions and predisposing factors in 
support of critical performance.  These modifications include planning for 
technology and tools integration (4) taking place during the define, design and  
develop event , assignment of group roles (5) taking place during the activate and  
initiate event , and adding self and group regulation (6) to the task performance  
event .  The events or acts are designed and “directed” to penetrate the emotional-
motivational, person-situation and cognitivistic interplay that affect learner 
performance in the long-term.  The various elements and players on the learning 
stage, carry specific attributes and are discussed in the following sections. 
5.6.1 Activity and performance design 
The CoLeCTTE framework begins with designing the group activity to be 
completed.  It defines the network through which participants perform and 
use/engage with the technology, tools and resources on the learning stage.  It 
describes the narrative of the learning experience and connects participants with 
other participants, the environments, tools and resources.  In the above diagram, 
define, design and develop event  of the project or group activity where critical 
discourse is to take place, consists of: 1) defining the outcomes and output or 
deliverables; 2) designing the learning tasks to support and elicit critical thinking; 
and 3) identifying and developing the technology, tools and resources to be used in 
activity performance and help learners engage confidently with the technology. 
The production of teaching artefacts, learning aids and other resources is a 
pre-requisite to delivery of the group work activity, and is aimed at reducing the 
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cognitive load on learners.  It is also aimed at helping learners reflect on their 
performance and tasks to help them achieve the learning objectives.  Design of 
teaching artefacts, learning aids and other resources becomes part of the cognitive 
architecture to elicit critical thinking and the process/es for critical dialogue and 
performance by learners – interaction and feedback.   
The same rationale underlies scaffolding the knowledge and skills 
needed for the group activity.  Refocusing the activity away from the processes 
required to complete the task allows for greater internalisation of the learning, and 
opens the dialogue for self and group regulation.  Facilitators become part of the 
internal group process through monitor, control and feedback strategies and 
the use of technology as a vehicle for communication and/or through direct 
interaction with the group.  Evaluation then becomes a function of the cycle of 
interaction, feedback, monitoring and control. 
5.6.2 Teacher and learner performance 
Learners and teacher/s within the CoLeCTTE framework are the human 
elements that participate in cognitive design, formation and performance.  Activity 
theory presents the “actor” as a collective, that is, it includes all human elements 
within the cognitive environment.  In the CoLeCTTE framework, the term “actor” is 
not used as a collective or indeed within a generalistic view, because the notion of 
“theatre” will not allow delineation between the learner performer and the 
“conductor” of the learning, the facilitator.  The conductor in the teacher 
performance area changes from directorship and designer (in the define, design and  
develop event ) to one that educes creativity, or in this case, critical thinking and 
deep learning (during the activate and initiate event ).  Therefore, the CoLeCTTE 
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framework presents the notion of the “learner actor” as the performer and learning as 
performance.  Previous discussions have differentiated learners in terms of their 
ability to perform at higher levels of critical thinking, indeed by their pre-
dispositions in the areas of learning approaches and strategies, experience and 
training, technological self-efficacy, personalities, goals and motivational interests, 
and roles that they undertake within the group.  These will impact learner actor 
dialogue and the degree of their critical thinking engagement on the learning stage.  
The teachers/facilitator undertakes the role of learning experience conductor, 
ensuring that all the learner actors on the stage engage in meaningful dialogue and 
performance within the context and objectives of the activity or learning task 
( delivery of outcomes event ).  This can be achieved through monitoring, control and 
( evaluation event ).   provision of feedback 
5.6.3 Technology and tools 
Technology and tools (7) consist of the learning tools/props and physical 
space that are used prior to and during learner actor performance during the define,  
design and develop  and activate and initiate events .  First, a selection of the 
appropriate technology is needed to ensure that learner actors are provided with a 
working platform to complete tasks such as file sharing and storage, shared central 
workspace, and ability to represent information in different forms (e.g., visual or 
otherwise).  Second, setup and training in the use of technology, tools and other 
resources are designed to allow learner actors to immediately get on with the task at 
hand without the extra cognitive load or stress of having to learn how to use the 
technology during the activity.  Emphasis is placed on scaffolding the learning 
of technology to allow for effective technology mediation during the activity 
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performance.  This can be achieved through pre-delivery technology training, 
provision of user manuals and quick reference user/learning aids.  Third, setting up 
the learning stage with contextualised visual, auditory and tactile resources is 
organised to allow critical reflection on related concepts and issues (e.g., posters).  
Importantly, it ensures a conducive physical environment, a learning stage that 
allows for emotional and cognitive connections to take place, designed to enhance 
and reinforce the lessons to be learned.  In other words, the stage is set for 
participants to engage critically with the task at hand.   
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CHAPTER 6. Case 3 Results and Analysis 
6.1 Overview of chapter 
This chapter addresses Research Questions 1 and 2 as listed in Section 2.6 
in relation to Case 3 Applied Thermodynamics: Do learner skill bases (learning 
approach and eductive ability) influence critical thinking within the proposed 
CoLeCTTE framework? if so, how? and Do learning technologies influence the 
acquisition of deep learning and critical thinking within the proposed CoLeCTTE 
framework? If so, how?  Research Question 3 will also be addressed: How might 
learning be designed to facilitate the acquisition of deep learning and critical 
thinking within a technology-enabled collaborative environment?  Primarily, Case 3 
investigated these research questions in light of the revisions made to the CoLeCTTE 
framework following the findings from Cases 1 and 2, and which were applied in 
Case 3. 
Volunteers were drawn from the Applied Thermodynamics postgraduate 
class.  The researcher provided information about the research project to the class 
regarding the purpose and expectations of volunteers prior to soliciting their 
participation.  Two within-class groups volunteered to participate, however, data 
from only one group were analysed for this purpose of this study (n = 4, 27%) out of 
N = 15 (Cases 1, 2 and 3 N = 11% of total target population in Section 3.3.2.1) since 
the quality of audio data from the other group was poor.  Applied Thermodynamics 
is not a core subject but a technical course in the Engineering Faculty which used 
authentic learning activities and interactions.  The student cohort met the sampling 
frame identified for the study and met the participant and activity selection criteria as 
discussed in Section 3.3.2.1.  The group was provided with the appropriate 
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technology, Teamspot (Tidebreak, 2011), was used to support their group work 
activities.  Raven’s APM Sets I and II (Raven, Raven, & Court, Advanced 
progressive matrices, 1998), OTSES (Mistler-Jackson & Songer, 2000) and Study 
Process Questionnaire (Biggs, 1987) as described in Chapter 3, were implemented to 
gather participant profile data.  Since the CoLeCTTE framework was revised 
following the findings from Cases 1 and 2, this chapter begins with a discussion of 
the case context (Section 6.2.1) and descriptive profile analysis of the participants 
(Section 6.3) followed by the findings and analysis related to the research questions 
in the study (Section 6.4), and the case summary of findings for readers that do not 
want to read the full chapter (Section 6.5). 
6.2 Case 3: Design of learning tasks and application of the proposed 
CoLeCTTE framework 
The revised CoLeCTTE framework was implemented in the instructional 
design of Case 3 Applied Thermodynamics.  In order to understand how this was 
operationalised, a discussion according to the processes of the framework is 
presented.  
6.2.1 Case 3: Define, design and develop 
Case 3 Applied Thermodynamics as used in this study, was aimed at 
determining how learners will perform in a learning environment within the revised 
CoLeCTTE framework.  Therefore, modifications made to the CoLeCTTE 
framework were implemented in Case 3 to see how the conditions and predicating 
factors indicated in Case 2 impacted critical thinking behaviour in Case 3.  As with 
Case 2, the learning tasks were conducted face-to-face. 
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The Applied Thermodynamics postgraduate course aimed to provide 
students who were practicing engineers, with a working knowledge and application 
of thermodynamic theory, and practice of their analytical skills to determine the 
implications of changes to the thermodynamic process in order to increase the 
efficiency and effectiveness of power plants.  The course roadmap (Figure 6.1) is 
shown below.  The roadmap illustrates the learning progression of applied 
thermodynamic concepts and skills.  This 40-hour intensive course consisted of two 
blocks: Block A activities focus on looking at the thermodynamic efficiencies at the 
component level while the mid-course assignment during the break period and Block 
B activities extend the learning to look at the interrelationship between components 
and the development of efficiencies at the component and system.  Across the five 
days of the course, a “red thread” case study was used to set the scene for the group 
and individual learning activities throughout the five days.  As previously defined, a 
“red thread” case study refers to a single case study design consisting of related 
issues that are addressed in separate but interrelated activities which progressively 
build on each other.   
The researcher worked closely with the Course Facilitator to design and 
develop the instructions and supporting resources for the authentic and collaborative 
face-to-face learning tasks.  Role conflict was not considered to be an issue as the 
researcher provided support in terms of course design and development.  Courses 
and activities were designed by the researcher with the Course Facilitator, in two 
steps: 
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Figure 6.1. Case 3: Applied Thermodynamics roadmap. 
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1. Design of the course, definition of the course outline, selection and 
familiarisation with Teamspot as the collaborative technology to be used 
and to identify issues that may need to be addressed prior to the delivery 
of the course.  Student groups were provided with access to Teamspot 
and trained in the use of the functionalities of the system on Day 1.  The 
researcher was a non-participant observer. 
2. Ensuring that the instructional design of learning tasks and activities, 
and integration of collaborative technologies, aligned with the revised 
CoLeCTTE framework.  As with Cases 1 and 2, the researcher achieved 
this through an initial assessment of the suitability of the course for 
inclusion in the study.  The researcher offered an invitation to the 
Course Facilitator to participate and objectives of the research 
explained.  The researcher and Course Facilitator discussed the activity 
design strategies to incorporate the revised CoLeCTTE framework and 
its various elements.  
 Explicit intervention using macro-scripting (Dillenbourg & Hong, 
2008) was applied in the whole-of-course activity design where groups 
were formed according to companies participants belonged to, and CT 
strategies or schemas incorporated into the activity/ies design.  The “red 
thread” case study activities focused on assessing component-system-
component thermal efficiencies and targeting specific critical thinking 
behaviours.  Critical thinking-based outcomes were more explicit and 
instructions in the activities purposefully embedded to encourage group 
discussion, critical debate and collaboration.  Appendix N shows a 
sample of a task assessment rubric used for one of the activities.   
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 It is important to note that although explicit intervention was 
applied across the whole course, only Justification Report and 
Presentation to a Deliberation Board (Activity 5) was used for data 
gathering in this study. 
 
Case 3 used Teamspot (Tidebreak, 2011) as the learning collaborative 
system.  It is used at a number of universities, and easily accessible by students 
through the library or student learning centres (Figure 6.2).  In terms of this study, 
Teamspot can be classified as Internet, Synchronous and Asynchronous II type 
technology.   
 
Figure 6.2. Excerpt of QUT Teamspot Information Sheet (Queensland University of 
Technology, 2009). 
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Specifically, Teamspot was selected as opposed to a technical collaborative 
tool used in Case 2 because it had features that addressed the issue of control by 
stronger personalities, it allowed users to connect each of their own laptops to the 
Teamspot server, and group participants could share information and software 
applications through a common screen.  These were issues identified in Case 2 and, 
therefore, it could reduce the barriers to critical thinking and facilitate collaborative 
behaviours.  The selection was made by the researcher in consultation with the 
Course Facilitator to ensure that it was appropriate for the type of group tasks for this 
course.  It is also the system widely available at the university.  Throughout the five 
days, Teamspot was used to support and enable file sharing and storage, as 
participants collaboratively worked on their report and presentation.  A complete 
suite of teaching and learning resources were developed including posters, study 
guide, presentations, activity sheets and associated resources, access to BlackBoard 
learning management system which was designed to support pre-delivery and mid-
course activities, resources to support group work (e.g., flip charts), and access to 
Smartboard (electronic white board already in the classroom).  Prior to the delivery, 
students were sent the Teamspot user manual and set-up instructions.  The first day 
of the delivery program allowed for a one hour walkthrough, practice to become 
familiar with Teamspot and its key functions, and students were provided with a 
quick reference handout.  Technical support was on hand in case there were any 
technical connection issues.  All technical issues with pairing the students’ laptops 
with Teamspot were resolved on day one by the technical support staff.  Although 
there were minor connection drop-outs during the week, reconnection was 
immediately achieved or else, a working laptop was provided to the participant. 
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6.2.2 Case 3: Activate and initiate 
A pre-delivery assignment activity was given to students to make sure that 
they had the prior knowledge to be able to complete activities in the classroom.  
Students were required to complete a Plant Improvement Identification – Pre-
feasibility Report and a teleconference to welcome students into the course, discuss 
expectations, and explain the pre-delivery assignment requirements.  As this was a 
short intensive course designed for busy working engineers, students were not 
normally on-campus and arrived on Day 1 of the course.  As such, they could only 
be expected to start accessing Teamspot on Day 1 of the course.   
Day 1 was initiated by the Course Facilitator engaging in a discussion of 
student expectations, establishing an understanding with the students on what was to 
be learned, outlining the course and discussing the group work activities and 
expected outcomes.  Importantly, a brief on the “red thread” case study, and 
Justification Report expectations for Days 4 and 5, and mid-course assignment were 
explained.  Students were assigned to groups according to the companies they 
worked for.  Setting up internet access and installation of Teamspot was provided for 
in the schedule of Day 1.  The Case 3 group was taught how to use Teamspot and 
given technical support to set-up and ensure that all students could access and use the 
system, removing technical issues as an influencing variable.  All members of the 
group were new to Teamspot.  The group used Teamspot throughout the five days of 
the course and prior to conducting Activity 5 (sub-activities 5.1 and 5.2).  As 
expected, the group did not have problems using Teamspot once they completed 
Activities 1 – 4 which allowed them to learn and become familiar with the tools and 
functionalities of the system. 
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6.2.3 Case 3: Task performance 
As mentioned above, the predicating factors and design considerations that 
were identified in Case 2 were implemented in the design of Case 3, Applied 
Thermodynamics course.  These implementations are now discussed.   
In terms of the project/group work design, Case 3 used a “red thread” case 
study (single case study consisting of a number of interrelated issues that are 
addressed in separate activities which progressively build on each other so that group 
outputs could be used as artefacts for succeeding activities).  The group task 
involved giving direct instructions on how to share and collaborate as part of their 
tasks in the activity using the technology provided.  Unlike Cases 1 and 2, the group 
tasks for Case 3 used explicit intervention which was applied overall across all 
activities by direct instructions on how to share and collaborate as part of their tasks 
and use the technology provided.  These direct interventions were provided in the 
form of increased technical support and guiding instructions that were purposefully 
embedded in the activity process to encourage group discussion, critical debate and 
collaboration.  Critical thinking-based outcomes were made more explicit in the 
assessment. 
Simulation exercises were used to produce ‘what if’ scenarios to provide 
students with problem-solving and decision-making opportunities and application of 
theoretical concepts.  Group activities were undertaken to model project team 
dynamics and support the development of generic capabilities described.  A high 
level of involvement/interaction and independent research was mandatory in the 
activities and students were expected to participate actively and informatively in 
class discussions.  As the unit required understanding of process relationships across 
the whole of the system, it specifically took a cyclical system-component level 
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approach which presented topics top-down to bottom-up to allow review and 
revision of concepts at all levels.  It was essential that the case study was work-
relevant learning approach by using real industry data in the case study. 
In Case 3, the activity became a structured authentic task that guided 
students rather than letting them work out their own group dynamics.  Rather, the 
instructions served as prompts or behavioural triggers for the group with task 
assessment criteria serving to provide clear and explicit descriptions of the critical 
thinking outcomes that were expected from participants.  As with Cases 1 and 2, the 
Course Facilitator was not an active participant but monitored, controlled, provided 
feedback and processed the group output.   
As described above, this course required student groups to complete 
Justification Report and Presentation to a Deliberation Board (Activity 5), and 
therefore, provided an authentic and contextualised learning situation for the study.  
Activity 5 was an assessed activity and made up of a series of sub-activities (Activity 
5.1 and 5.2) (Appendix M): 
 Activity 5.1: Justification Report needed to address the salient 
component and system-based benefits from improving the 
thermodynamic process of the given red thread case study, a power 
generation plant. 
 Activity 5.2 Presentation of the Justification Report to the Deliberation 
Board.  
6.2.4 Case 3: Delivery of outcomes 
Many power station plant processes involve movement of heat from one 
component to another.  This might be used for the generation process itself, or 
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simply to maintain equipment within operating temperature limits.  It is important 
therefore, to identify changes, and measure and manage heat transfer across these 
processes which are crucial for the effective and efficient operation of the generating 
plant.  In this course, students analysed the thermodynamics of the system to provide 
an indication of a component’s change.  This analysis indicated early warnings of 
inefficiency and potential failure.  Students looked at how the heat produced by the 
boiler in a power station is delivered to the turbine.  They assessed any heat not 
extracted from the steam by the turbine discharged to the atmosphere through the 
cooling towers using a simulation data.  The Applied Thermodynamics course 
considered ways of effectively moving the heat generated in the various processes in 
the power station plant, and extracting that heat to produce electricity.  The generic 
learning outcomes consisted of acquiring higher-order analysis and critical thinking 
pertinent to a particular discipline area; defining and solving problems in a discipline 
area; retrieving, evaluating, and applying relevant information, knowledge and skills; 
ability to discuss issues and provide technical input to projects, and work 
independently or collaboratively; and the ability to present findings and justify 
proposals to industry management.  The contextual learning outcomes and 
assessment items are very much work-based learning and distinctly relevant to 
power engineers working in power stations.  Specifically, Activity 5 (Sub-activities 
5.1 Justification Report and 5.2 Project Presentation to the Board) (see Appendix M) 
which is a capstone activity, was centred on consolidating the learnings from the 
various component and system-based activities and tasks throughout the five days of 
the course, and presented on Day 5, Week 4.  These are described in the course 
outline developed in consultation with the Course Facilitator who is an industry-
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based professional consultant appointed by the program to deliver the course 
(Appendix O).   
6.3 Profile of participants in the study 
There were four members in this group (Melun, Aron, Abe and Cauis), all 
of whom volunteered to participate in the study.  Technological self-efficacy, 
eductive ability and learning approach were measured using OTSES, APM, and 
SPQ, respectively, in order to determine the natural skill bases of participants in 
Case 3.   
6.3.1 Technological self-efficacy (OTSES) 
The first of these findings are the results of the OTSES questionnaire which 
indicate that this group is generally very confident with the use of Internet and 
Asynchronous I computer technologies on a Likert rating scale (VC = very 
confident, SC = somewhat confident, NVC = not very confident, NCAA = not 
confident at all) (see 0 or Section 3.5.1.2 for description of technology types).  
Responses were spread across the scale for using Synchronous  and Asynchronous II 
type technologies, with Abe as the only one not confident at all for both technology 
types.  The overall group confidence for all technology types is shown in Figure 6.3. 
Seventy-five per cent (three out of four participants) of participants 
considered themselves the same as most students with using computer technology as 
a learning tool.  Melun was the only who felt he was better than most students.  As 
with Case 2, this level of confidence was expected considering that engineering is a 
technical discipline and most had access to home and work computers (Table 6.1). 
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Figure 6.3. Case 3: OTSES results – overall group confidence according to 
technology type. 
Table 6.1 
Case 3: Types of computer access. 
Computer labs Home computer Work computer Other 
0 3 4 0 
 
6.3.2 Eductive ability (APM) 
In terms of their eductive ability, the results of Raven’s APM Sets I and II 
scale show that this group had participants who ranged from definitely below 
average to intellectually superior general cognitive ability or aptitude for problem 
solving, with Melun and Aron on the higher end of the scale (Superior Intellectual 
Capacity), and Cauis at the lower extreme (Definitely Below Average Intellectual 
Capacity) (Table 6.2).  These results place these participants at opposite ends of the 
scale and collectively classified collectively as average (see Appendix D) when 
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measured against the Australian norm (Raven, Raven, & Court, 1998, p. APM96) 
and if we assume that a percentile of 50 was average. 
Table 6.2 
Case 3: Raven’s APM Sets I and II results 
Participant APM 28 Norm classification of 
intellectual capacity 
APM Set I APM Set II Percentile 
Melun Grade I Superior  12 32 97 
Aron Grade I Superior  11 31 96 
Abe Grade II Definitely above 
average  
11 27 83 
Cauis Grade IV definitely below 
average  
11 27 22 
 
6.3.3 Learning approach (SPQ) 
This section will be presented in two parts, results of the group learning 
approach (Section 6.3.3.1) and the individual learning approaches and profiles 
(Section 6.3.3.2).  To assist the readers, a key is provided at the bottom of most 
tables and graphs to assist with interpreting acronyms for SPQ motive and strategy 
raw scores and deciles in the following discussions on learning approaches.  In 
addition, corresponding participant values are provided under graphs as data tables in 
this chapter. 
6.3.3.1 Group learning approach 
Table 6.3 summarises the learning approaches of the Case 3 groups 
showing the SPQ scales, subscales and respective profiles (refer to Section 3.5.1.3 
for an explanation of scale and subscale raw scores and deciles).  Briefly, Table 6.3 
presents the raw score over the equivalent decile value (e.g., 82/4) with symbols  
(+, 0 and –) for each of the six subscales (SM, SS, DM, DS, AM and AS) and three 
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scales (SA, DA and AA) which are the corresponding symbols that define individual 
profiles (Appendix F).  These interpretations are based Bigg’s SPQ Manual (1987). 
Table 6.3 
Case 3: SPQ raw scores and deciles 
Name 
Scales 
Raw score/ 
Decile 
Deep 
Achieving 
Approach 
(DAA) Raw 
Score/Decile 
Subscales and Profile 
Raw score/ 
Decile 
Self- 
comparison 
with other 
students 
SA DA AA SM SS DM DS AM AS 
Melun 42 49 46 95 21 21 28 21 28 18 Above 
Average 4 8 7 8 5 5 9 5 10 4 
(0 + 0)  (0 0 + 0 + 0)  
Aron  41 50 32 82 21 20 23 27 12 20 Average 
4 8 2 5 5 4 6 9 1 5 
(0 + -)  (0 0 0 + - 0)  
Abe 43 59 24 83 23 20 31 28 13 11 Average 
5 10 2 5 7 4 10 9 1 1  
(0 + -)  (0 0 + + - -)  
Cauis 47 38 29 67 24 23 18 20 13 16 No 
answer 7 3 2 2 7 6 2 4 1 3 
(0 - -)  (0 0 - 0 - -)  
Key SM: surface motive + SS: surface strategy = SA: surface approach 
DM: deep motive + DS: deep strategy = DA: deep approach 
AM: achieving motive + AS: achieving strategy = AA: achieving approach 
DA + AA = DAA: deep achieving approach 
 
The SPQ scales indicate that this group has a collective Deep Achieving 
Approach (DAA) raw score of 81.75 and a decile of 5 which is classified as average 
(Figure 6.4).  Generally, the scores indicate that the group has a Deep Approach 
(DA) learning approach with an average raw score of 8.67.  In terms of subscale 
scores, this group has an average subscale score for Deep Motive (DM - 27.33) and 
Deep Strategies (DS - 25.33) as shown in Figure 6.5.  At the group level, members 
will use Deep learning approaches to achieve their learning objectives.   
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Figure 6.4. Case 3: SPQ equivalent decile - scales. 
 
Key SM: surface motive  SS: surface strategy   DM: deep motive 
DS: deep strategy  AM: achieving motive   AS: achieving 
strategy 
Figure 6.5. Case 3: SPQ equivalent decile - subscales. 
Specifically, this group will tend to use appropriate strategies such as 
reading more widely and using extensive resources to achieve their group objectives, 
and are expected to be intrinsically motivated as opposed to just aiming to achieve 
the pass mark. 
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A better understanding of what contributes to collective behaviour is 
achieved when looking at the individual contributions to these averages.  Referring 
back to Table 6.3, the expanded and contracted profiles of each group member are 
interpreted in the next section. 
6.3.3.2 Individual learning approaches and profiles 
The reader is reminded once again that learning approaches are 
predispositions for adopting processes that determine the outcome of learning (see 
Section 2.3.3.2).  As with Cases 1 and 2, Case 3 measures of SPQ scales, subscales 
can be interpreted into individual learning approach profiles according to Biggs 
(1987) as summarised in Table 6.3: 
Melun 
Melun has an above average (8) DAA decile which is predominant.  He has 
an average SM and SS, DS and AS; above average DM; and well above average 
AM subscale scores.  Although he may have an intrinsic interest in what is being 
learned and in developing competence in particular academic subjects, he will tend 
to have greater motivation to enhance his ego and self-esteem through competition, 
to obtain highest grades, whether or not the material is interesting. 
His scale scores show average SA and AA, and above average DA.  His 
above average Deep (predominant) learning profile indicates he predominantly 
performs well academically, will want to follow his academic interests, and will 
most likely respond well to suggestions of long-term academic pursuits.  He will also 
tend to be deliberate, a careful planner and ambitious. 
Aron 
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Aron has an average (5) DAA decile.  He has average SM and SS, and AS; 
above average DS; and well below average AM subscale scores.  His above average 
DS indicates that to discover meaning, he will read widely, interrelating new 
learning with previous relevant knowledge.  He has a low AM which can be 
improved upon. 
His scale scores show average SA, above average DA, and below average 
AA.  His above average Deep learning (predominant) profile indicates he 
predominantly performs well academically, will want to follow his academic 
interests and will tend to respond well to suggestions of long-term academic pursuits.  
He will also tend to be deliberate, a careful planner and ambitious.  However, Aron 
has a tendency to be a “low need achiever” due to the higher SM compared to his 
AM.  In his favour, Aron’s average DM and above average DS reduce the impact of 
the above characteristics.  This indicates that he has learned to be organised and 
structured in his learning.   
Abe 
Abe has a below average (5) DAA decile.  He has an average SM and SS; 
well above average DM; above average DS; and well below average AM and AS.  
His high DM means he should have an intrinsic interest in what is being learned and 
will want to develop competence in particular academic subjects.  His high DS 
means he will tend to discover meaning by reading widely, interrelating this with 
previous relevant knowledge.   
His scale scores show average SA, well above average DA, and below 
average AA.  His well above average Deep (predominant) learning profile 
indicates he predominantly performs well academically, will want to follow his 
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academic interests and will tend to respond well to suggestions of long-term 
academic pursuits.  He will also tend to be deliberate, a careful planner and 
ambitious.  However, Abe has a tendency to be a “low need achiever” due to the 
higher SM compared to his AM.  In his favour, Abe’s well above average DM and 
above average DS reduces the impact of the above characteristics.  This indicates 
that he has learned to be organised and structured in his learning. 
Cauis 
Cauis has a below average (2) DAA decile.  He has average SM and SS; 
below average DM; average DS; well below average AM; and below average AS.  
His SM and SS indicate a tendency to meet minimal requirements, limit his efforts to 
basic essentials and use less effective strategies like rote learning. 
His scale scores show average SA and below average DA and AA.  He can 
be categorised as average Surface (predominant) learning profile.  Cauis will tend 
to have a poor academic self-concept.  He will tend to underestimate his own 
performance relative to peers and be dissatisfied with his performance; he may 
perform poorly on objective criteria and plan to drop out of school.  He may do well 
under circumstances where rote learning is appropriate, but at the expense of 
structural complexity, that is, reduced focus on utilisation, internalisation and 
achievement of the learning (Biggs, 1979).  However, these may be balanced by 
some degree of DS.  In addition, Cauis has a tendency to be a “low need achiever” 
due to the higher SM compared to his AM. 
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6.3.3.3 Case 3 learning approach summary 
Summarising the learning profiles above and as the comparative decile 
subscales show in Figure 6.6 below, Melun, Aron and Abe have above average and 
well above average Deep learning profiles, respectively, with Aron and Abe having 
higher DS and Melun and Abe having higher DM.  On the other hand, Cauis shows 
average Surface (predominant) profile.  Melun had above average DAA while Aron 
and Abe’s were average and Cauis’ was below average.  Everyone, with the 
exception of Melun, can benefit from AM and AS with their SA scales higher than 
their AA scales, in particular, the AM subscale.  
In terms of the DA and AA scales that contribute to their DAA, Melun has 
the highest combined decile.  Cauis, on the other hand, has the highest SA and 
lowest DAA.  These learning approach characteristics are important to remember 
when answering Research Question 1 posed in this study, namely: Do learner skill 
bases (learning approach and eductive ability) influence critical thinking within the 
proposed CoLeCTTE framework? If so, how? (Section 6.4.1).  They also provide 
insight further insights into answering Research Questions 2 and 3, namely: Do 
learning technologies influence the acquisition of deep learning and critical thinking 
within the proposed CoLeCTTE framework?, If so, how? (Section 6.4.2); and How 
might learning be designed to facilitate the acquisition of deep learning and critical 
thinking within a technology-enabled collaborative environment? (Section 6.4.3). 
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Key SM: surface motive  SS: surface strategy   DM: deep motive 
DS: deep strategy  AM: achieving motive   AS: achieving 
strategy 
Figure 6.6. Case 3: SPQ equivalent decile – comparative subscales. 
6.4 Case 3 research questions: Analysis and results 
This section addresses the research questions for the Case 3 group.  It 
presents the results in relation to: learning approach and eductive ability influence on 
critical thinking (Section 6.4.1); the influence of technological self-efficacy in 
critical thinking performance (Section 6.4.2); and learning and critical thinking in 
group work (Section 6.4.3).  For Section 6.4.1, the results will be presented in 
relation to CT frequency and CT ratio (CTR).  Six key points are presented which 
have been derived from the results following the analysis of data.  Readers should 
refer to Table 6.3 for the legend of SPQ scales and subscales and Appendix H for CT 
cognition and metacognition codes, definitions and examples.   
The results presented to answer Research Questions 1 and 2 in Case 1 only 
explained the relationship between learning approach, eductive ability, critical 
Melun Aron Abe Cauis 
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thinking; and the influence (or lack thereof) of technological self-efficacy on critical 
thinking behaviour during online and face-to-face collaborative group work.  
However, the results did not explain how the design of learning activities, and 
learner motivation and confidence, influence deep learning and critical thinking.  
Case 2 explored these questions further by implementing the proposed CoLeCTTE 
framework in the Industrial Power Distribution class and using more qualitative data 
gathering techniques (i.e., semi-structured interviews and observations) to gather 
more in-depth data and insights from participants.  Therefore, Case 2 was used to 
determine the key conditions and predicating factors that would facilitate and 
support critical thinking behaviour.   
Based on these results, revisions to the CoLeCTTE framework were applied 
in the design of the Case 3 group activity.  Intervention was explicit in terms of 
guidance given for collaborating, using the technology and providing clear 
statements of the expected critical thinking outcomes. Greater intervention was 
applied by scaffolded technology training, use of a case-based approach to facilitate 
and elicit critical thinking, and strengthened feedback and monitoring strategies.  
The Course Facilitator was not an active participant but monitored and solicited 
feedback from the group as well as processed the group output.   
Case 3, which was still focused on face-to-face group work environment, 
was aimed at answering the question of what happens to interactivity, cognition and 
metacognition within the revised CoLeCTTE framework where there is explicit 
intervention in the activity designed to facilitate collaboration and critical thinking, 
and where collaborative learning technology was used to specifically enhance group 
work and interaction.  Like Case 2, Case 3 of the study sought to find out more in-
depth, the participants’ experience through the one-on-one interviews.  
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6.4.1 Learning approach and eductive ability influences on critical thinking 
This section answers Research Question 1 for Case 3 namely, Do learner 
skill bases (learning approach and eductive ability) influence critical thinking within 
the proposed CoLeCTTE framework? if so, how?  Face-to-face group work activity 
was video-recorded, transcribed, coded and analysed.  A single face-to-face activity 
session was used for the purposes of this study where all members of the group were 
in attendance and the Course Facilitator moderated the activity.  This face-to-face 
session was conducted in the class during Week 4 of the course, the last week, to 
complete Activity 5 (sub-activities 5.1 and 5.2).  Prior to this, students worked in 
groups from Week 1, thus, group members knew each other well and were proficient 
with using Teamspot, having used it for all previous activities from Day 1.  Video 
transcripts of the group discussions while using Teamspot were coded and analysed 
using the CT Coder (Critical Thinking Coder) tool as described in Chapter 3.   
As in Case 1 and 2, Case 3 is a naturalistic case study but explicit 
intervention was used.  To allow for more authentic measures and profiles of critical 
thinking behaviour to be derived, full transcripts were coded so frequency of 
statements for the elementary clarification are expected to be significantly higher 
since the transcripts includes all declarative statements, and trivial or social remarks.  
This does not affect the interpretation of the results as elementary clarification is 
compared to other critical thinking categories (i.e., in-depth clarification, inferences, 
justification and providing solutions).  In addition, the CT ratio or CTR (ratio 
between critical and non-critical thinking statements) was derived as a measure of 
CT overall. 
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6.4.1.1 CT frequency and ratio, and learning approach and eductive ability 
The results of individual SPQ profiles, scales and subscales for learning 
approaches, and APM measures of eductive ability were mapped against each 
individual’s demonstrated critical thinking behaviour (in terms of CT frequency and 
ratio) to determine differences in the group between these variables overall.   
Interview responses are also presented below as additional insights.  The 
reader should refer to Table 6.2 for APM eductive ability percentiles, and Table 6.3 
for SPQ profile, scale and subscale scores, and their definitions.  As stated in 
previous chapters, corresponding participant values are also provided in graph data 
tables in the following sections. 
CT frequency, eductive ability and learning approach.  First, by organising SPQ raw 
scores and deciles according to DAA in Figure 6.7, one can see that the Melun and 
Aron have the highest percentile rankings on the APM measures of eductive ability 
(both with Grade I Intellectually Superior Capacity).  Abe who has Grade II 
Definitely Above the Average Intellectual Capacity, is second ranked in terms of CT 
frequency, while Cauis has GIV Definitely Below Average Intellectual Capacity.  It 
should be noted that Abe still belongs to the upper 83% of the APM norm.  
Remembering their DAA raw scores and deciles: Melun, Abe and Aron have 
average scores while Cauis shows below average DAA (95/8, 83/5, 82/5 and 67/2, 
respectively). 
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Key EC: elementary clarification  I: inference   S: strategy 
IC: in-depth clarification  J: judgement/justification 
Figure 6.7. Case 3: CT frequency according to DAA raw score and decile. 
So far, although the ranking pattern for DAA and eductive ability is not 
strictly reflected in Abe and Aron, one can see that there is a trend to have similar 
rankings for Case 3 (with Melun and Cauis) as in Cases 1 and 2.   
Second, the highest frequencies of critical thinking statements made during 
group work (i.e., sum of in-depth clarification, making inferences, providing 
justification and solutions) over non-critical thinking statements (i.e., elementary 
clarification) were exhibited mainly by Abe (112), Cauis (109) and Melun (98) in 
this order (see Figure 6.7 and Table 6.4.  In terms of learning approach scales and 
subscales, note that Abe and Melun predominantly use well above average (10) and 
above average (8) DA with well above average (10) and above average (9) DM and 
above average (9) and average  (5) DS, respectively (see Table 6.3, Figure 6.4 and 
Figure 6.5).  On the other hand, although Cauis has the second highest CT frequency 
(109), he has predominant average SA (7) to learning with average SM (7) and SS 
(6) subscales.  Melun has the highest AM which is well above average (10) while 
   
CHAPTER 6 Case 3 Results and Analysis  250 
Abe and Cauis are both well below average (1 for both).  Melun’s AS is average (4), 
while Abe and Cauis are well below average (1) and below average (3), respectively. 
Table 6.4  
Case 3: Summary of critical statements 
 DAA raw 
score/decile 
EC IC I J S CT Statements: 
Overall/F2F/Online 
Cauis (0/-/-) 67/2 137 48 21 14 26 109 
Aron (0/+/-) 82/5 100 16 10 4 15 45 
Abe (0/+/-) 83/5 155 43 25 14 30 112 
Melun (0/+/0) 95/8 147 48 18 24 8 98 
Key EC: elementary clarification  I: inference   S: strategy 
IC: in-depth clarification  J: judgement/justification 
 
Lowest on the CT frequency ranking is Aron who has above average DA 
(8) scale, with average DM (6) and above average DS (9) subscales.  In terms of 
Achieving subscales, like Abe, Aron has well below average AM (1) and average 
AS (5).   
So overall, everyone exhibited critical thinking frequencies (considerably 
lower for Aron) and have well below average AM, except for Melun who has a well 
above average AM.   
It would appear for Case 3, as with the Cases 1 and 2, that learners who 
have high DM and/or DS subscales are most likely to perform more critically as 
expected, as in the case of Abe and Melun.  Also, those with lower Achieving 
subscales compared to their Deep subscales are likely to lower their critical thinking 
behaviour.  This is seen in the case of Aron who has above average Deep learning 
profile but is also a “low need achiever”.  However, Abe and Cauis are also “low 
need achievers but show the highest frequencies.  In particular, Cauis was expected 
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to have lower CT frequency due to his Surface profile and well below average AM 
but performed more critically than Melun and Aron as described above. 
 
Key Point 1 
For Case 3 which was designed within the revised CoLeCTTE framework, the 
findings indicate that in terms of SPQ profile, scales and subscales, frequency of 
critical statements has not differentiated participants compared to what was shown 
for Cases 1 and 2.  Furthermore, the pattern of relationship between higher CT 
frequency amongst learners with higher DM and DS is not consistent when 
comparing Abe and Cauis.  This is also not seen with the DAAs and AM of Melun 
and Cauis.  This supports the contention that in the revised CoLeCTTE framework, 
SA and low AA profiles appear to have less negative impact on critical thinking 
behaviour; CoLeCTTE is an environment that does not hinder, rather it supports 
individual learner’s ability to engage more critically and collaboratively. 
 
CT Ratio, learning approach and eductive ability.  The CT frequency ordered 
according to DAA raw score and decile was presented in Figure 6.7 and the 
observations discussed above.  However, these do not clearly show if learners with 
comparatively higher Deep and Achieving learning approaches and strategies 
actually demonstrate a more positive CT ratio (CTR), that is, a measure of their 
critical thinking overall.  Figure 6.8 shows each of the group member’s DAA 
mapped against their CTR.  The graph indicates that Cauis (below average DAA (2), 
average Surface (predominant) learning profile, “low need achiever”, and well below 
average AM (1), below average AS (3) and below average DM (2) subscales) has 
the most positive CTR (-0.11) and Melun (above average DAA of 8), above average 
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Deep learning (predominant) profile, well above average AM (10) and average AS 
(4) subscales) has the highest DAA (8). 
 
Figure 6.8. Case 3: Group DAA deciles versus CTR – face-to-face. 
Aron who has an average DAA (5), above average Deep learning 
(predominant) profile, “low need achiever”, average SS (4), well below average AM 
(1) and average AS (5) subscales, has the most negative CTR (-0.38) for Case 3 
group.  Despite this profile, it should be noted that overall and across all participants 
in the study, he still exhibited a close to average CTR of-0.38 (compared to an 
overall case group average of -0.34).   
Further exploration of Aron’s Surface tendencies is seen in his interview 
response.  Individually, Aron indicated that initially, he uses a rote learning 
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approach to master facts and data and then puts pen to paper to work through 
problems until he gets the concept as he realises that he cannot rely on memory 
alone, “my memory is quite flaky”.  His learning strategy includes reading the given 
material several times, using highlighters and writing annotations.   
It is also appropriate to note at this point that one would expect Melun’s 
profile to deliver the most frequent critical thinking behaviour or most positive CTR.  
However, the impact of the role he played in the group influenced his behaviour as 
can be observed in the video.  His group worked collaboratively by deciding to pair-
up and share the workload amongst themselves.  Each group member had a laptop 
they could communicate with, and allowed them to take control of the central screen 
of Teamspot to share what they had done.  However, Melun had taken on the role of 
the main scribe.  This may have influenced the depth of his contribution as he spent 
time trying to clarify information he was recording (eliciting more elementary level 
critical thinking) as opposed to being more engaged in working out the solutions to 
problems; although, his CTR (-0.20) is still showing to be more positive compared to 
Aron (-0.38) and not very far from Cauis (-0.11) who has the most positive CTR.  
An excerpt of the transcript is shown below which is a recording of the discussion 
mid-way through their group work that demonstrates the above observation.  As a 
reminder for the reader, CT classification codes are summarised as Elementary 
clarification (EC), In-depth clarification (IC), Inference (I), Judgment (J) and 
Strategy (S). 
Lines 50-6220 - 6300, 50-6350 and 50-6390 for example, are Melun’s 
requests for clarification or comments (elementary clarification) relating to his 
documentation.  At the same time, there is also evidence of engagement with the 
technical discourse to solve problems related to the group task.  See lines 50-6440, 
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50-6460 and 50-6480 where Melun describes what they are intending to do (in-depth 
clarification), and provides a counter argument and rationale (justification) to Abe's 
previous statement.   
Line No Statements and Observation Comments CT 
Classification 
50-6160 Abe: No, it's just emissions cost EC 
50-6170 Cauis: The emissions cost is gonna vary EC 
50-6180 Melun: That's right, so we go plus C02 emissions... You reckon times? IC 
50-6190 Cauis: No, you got tonnage as C02 times by your... Where's that other 
table? 
IC 
 Cauis points to the screen. 
50-6200 Abe: That's the emissions? EC 
50-6210 Cauis: Then reference back to your cost and emissions, Melun S 
50-6220 Melun:  Yeah, that's where I'm going EC 
 Cauis tells Melun what needs to be done - see line 6240 
50-6230 Cauis:  Alright, oh was it? Good EC 
 Don and Aron finish their side discussions now. Don walks over to Abe,  
Melun and Cauis 
50-6240 Melun:  Cost of emissions, that's where I'm going EC 
 see line 6220 
50-6250 Cauis: Yes, like that EC 
50-6260 Melun:  Uh, we don't have the year 2 EC 
50-6270 Cauis:  Ah, that'll be right. Use year, use 0, use that as the $20, man S 
 Cauis tells Melun what to do 
50-6280 Melun: Now it works… peak? EC 
 Melun reviews what they have done on his laptop 
50-6290 Abe:  So what's the problem? EC 
50-6300 Melun:  That must be a sign... EC 
50-6310 Abe:  Dollars EC 
50-6320 Melun:  Then when we do the upgrade, we then have the annual cost to 
cover that 
I 
50-6330 Abe:  Plus... EC 
50-6340 Cauis:  Plus the capital EC 
50-6350 Melun:  Plus... EC 
 Melun verbalises what he is doing 
50-6360 Abe:  You've got the capital for... EC 
50-6370 Cauis:  I'm just not sure how this NPV calculator does it. I think you can 
only do 2 columns 
EC 
50-6380 Abe:  We can still do the total column on side IC 
 Abe points to the laptop (see line 6410) 
50-6390 Melun:  Total column... EC 
50-6400 Cauis:  Ah ok, you got a little bug, mate EC 
50-6410 Abe:  Then you can see how the ??? Place works IC 
 see line 6380 
50-6420 Cauis:  Yeah, yeah EC 
50-6430 Abe:  Hang on, is that going to...? EC 
50-6440 Melun:  Ah no, we want to .... IC 
 NEM-Task: Melun describes what they are intending to do which implies  
metacognitive knowledge of the  
task (see line 6460) 
50-6450 Abe:  ... You're still reading from the carbon cost ... Cos you still gotta 
to... 
J 
 Here Abe is making a judgment on Melun's proposal in the previous  
statement and tells the reason 
50-6460 Melun:  We wanna carve... The difference in our carbon cost in there IC 
50-6470 Abe:  It's not revenue in here, it's cost savings so it comes off your graph IC 
50-6480 Melun:  Yeah but if we do it... ??? An NPV J 
 Melun puts in a counterargument to Abe's previous statement and provides  
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Line No Statements and Observation Comments CT 
Classification 
the reason 
50-6490 Cauis:  Can we look at... can we look at EC 
 Cauis starts to make a proposal but does not explain why 
50-6500 Don:  You can do an it either way. You can include your cost, not 
include your C02 and then it's revenue what you save 
S 
 Don intervenes at this point in the discussion 
50-6510 Melun:  Yeah and then we need to do 2 more, we need to do without the 
project and then with the project so actually for all the projects, we can 
just do a base case so that's how much... 
S 
 NEM-Task: Melun adds further to Don's statement in terms of the  
approach that they could take. His statement also implies  
metacognitive knowledge of the task 
 
 
Key Point 2 
Like CT frequency, the findings indicate that in terms of SPQ profile, scales and 
subscales, CTRs have not differentiated participants compared to what was shown 
for Cases 1 and 2.  The pattern of relationship between a more positive CTR amongst 
learners with higher DM and DS is not consistent when comparing Abe and Cauis.  
This is also not seen with DAA and AM when comparing Melun and Cauis.  As with 
the findings of CT frequency above, these results support the contention that in the 
revised CoLeCTTE framework, SA and low AA profiles will have less negative 
impact on critical thinking behaviour, and that impact comes from an environment 
that does not hinder but indeed support individual learner’s overall critical thinking 
behaviour or CTR. 
 
Types of critical thinking behaviour.  One can look at the type of critical thinking 
behaviour taking place for Case 3, which can be better determined by looking at the 
frequency of non-critical (elementary clarification - EC) versus critical statements 
(giving in-depth clarification - IC, inferences - I, justification - J and solutions - S).  
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When data are organised according to the total of critical statements only, it can be 
seen that in-depth clarification is the most frequent critical thinking skill exhibited by 
the groups (see Table 6.4 and Figure 6.9).  In general, it appears that Melun (GI 
Intellectually Superior Intellectual Capacity), Cauis (GIV Definitely Below Average 
Intellectual Capacity) Abe (GII Definitely Above Average Intellectual Capacity), 
demonstrate greater frequency of in-depth clarification (48, 48 and 43, respectively) 
at above average frequency (38.75) for the group while Aron (GII Definitely Above 
Average Intellectual Capacity) was below the average at 16.  It can also be seen that 
higher order critical thinking skills of making inferences (18, 21 and 25) and 
providing justifications (24, 14 and 14) were exhibited more often by Abe, Melun 
and Cauis at average or above average frequencies while Aron had the lowest at 
below the average frequency (average frequency for making inferences is 18 and 
providing justifications is 14).  Providing solutions, however, was exhibited by Abe 
(30), Cauis (26), Aron (15) and Melun (8) in this order, with the latter two showing 
below average frequency (average is 19.75 for the group); noting that they belong to 
the upper percentile of APM measures of eductive ability (GI Intellectually Superior 
Intellectual Capacity).  Abe exhibited the highest CT frequency (112) followed by 
Cauis (109), who has the most positive CTR (-0.11).  To reiterate, Melun (highest 
DAA of 8), Aron and Abe are Deep predominant learners with the latter two as “low 
need achievers”, and Cauis is a Surface predominant learner, a “low need achiever” 
and has the lowest DAA (2).  One can see that despite their respective profiles, Abe 
and Cauis have performed more critically compared to Melun who, based on 
previous findings for Cases 1 and 2, would be expected to perform more critically. 
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Figure 6.9. Case 3: Frequency totals of total critical and non-critical thinking 
statements. 
 
Key Point 3 
Contrary to Cases 1 and 2, the findings do not indicate that determining the quality 
of a student’s critical contribution to group work discussion can be based on their 
overall critical thinking performance (CTR), nor does a relationship exists between 
APM measures of eductive ability and CTR.  In addition, there is an absence of a 
relationship between SPQ measures of DAA and CTR.  Furthermore, no pattern 
exists to indicate that learners with high eductive ability will exhibit more of the 
higher order skills than those with lower eductive ability.   
One can further infer that the dominance of AM and DS subscales do not play a part 
in how learners will demonstrate various types of critical thinking as seen in the case 
of Abe and Cauis who are showing greater frequency of critical thinking statements 
but are “low need achievers”.   
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Key Point 3 (cont.) 
This group also showed the influence that roles had on critical thinking behaviour as 
in the case of Melun, as described previously.  The findings support the contention 
that within the revised CoLeCTTE design environment, the relationship between the 
degree of critical thinking and learning approach is reduced or eliminated. 
 
Once again, the findings raise the question of what this means when looking 
through the lens of Surface, Deep and Achieving Approaches scales.  As shown in 
Table 6.3 and referring to Table 6.4, Melun, Aron and Abe, who all have deep 
learning profiles, also exhibit critical thinking comments.  Cauis, who has a surface 
learning profile, has the second highest number of critical thinking comments (109).  
In addition, Aron, Abe and Cauis who are classified as “low need achievers” (SA is 
higher that AA), also exhibit critical thinking behaviour.   
 
Key Point 4 
Unlike Cases 1 and 2, Case 3 has shown that learners with Low Achievement 
Motivation or “low need achievers” exhibited critical thinking behaviours.  In the 
revised CoLeCTTE framework, a stronger AA compared to SA scale will not 
necessarily make learners perform more critically as in the case of Melun.   
Conversely, SA learners are also seen to exhibit critical thinking behaviours as in the 
case of Cauis.  However, the role learners undertake in their group may influence 
critical thinking behaviour even if they have stronger DA and AA scales compared 
to their SA scales, again in the case of Melun. 
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6.4.1.2 Metacognition, CT frequency and ratio, learning approach and eductive 
ability 
Metacognition was also exhibited by members of Case 3 with Abe (31), 
Melun (27), Cauis (24), and Aron (18) ranking from highest to lowest frequency 
overall across metacognitive knowledge and skills.  When data were once again 
organised according to the total frequency of critical statements (see Table 6.4), the 
likelihood of high frequency critical thinking participants (Abe, Cauis and Melun) 
making an explicit metacognitive statement for both knowledge and skills 
accordingly is also exhibited in this group (see Table 6.5 and Figure 6.10).   
Table 6.5 
Case 3: Summary of explicit metacognitive statements 
 
KP KS KT SE SP SR SSA 
Individual 
Totals 
Cauis  
(-0.11)  
(67/2) (0/-/-)  
(22) 
 
4 
 
4 1 2 
 
13 24 
Aron  
(-0.38)  
(82/5) (0/+/-)  
(96) 
 
1 1 7 2 1 1 5 18 
Abe  
(-0.16)  
(83/5) (0/+/-)  
(83) 
 
 
1 6 1 11 2 10 31 
Melun  
(-0.20)  
(95/8) (0/+/0)  
(97) 
 
1 2 13 1 3 1 6 27 
Total 6 4 30 5 17 4 34 6 
Key KP: knowledge - person KS: knowledge - strategy KT: knowledge - task 
SP: skill - evaluation  SP: skill – planning  SR: skill - regulation 
      SSA: skill – self-awareness 
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Key KP: knowledge - person KS: knowledge - strategy KT: knowledge - task 
SP: skill - evaluation  SP: skill – planning  SR: skill - regulation 
      SSA: skill – self-awareness 
Figure 6.10. Case 3: Frequency totals of explicit metacognition. 
However, in terms of their CTR, Cauis who has the most positive CTR  
(-0.11) did not have the highest explicit metacognitive behaviour.  This finding, 
unlike Case 2, appears to support the findings of Case 1 where CTRs did not 
differentiate participants in terms of their explicit metacognitive statements.   
As with Cases 1 and 2, a review of individual SPQ profiles in Case 3 shows 
that they differentiate participants in terms of their explicit metacognitive statements 
if one considers Abe who has well above average Deep decile and Melun who has 
the highest DAA, in particular, well above average and above average DM, 
respectively.  Note that Abe and Melun (highest DAA) also show the highest deciles 
for DM and DS in the group.  It appears once again that Deep learners like Abe and 
Melun, with a high DM subscales, are more likely to exhibit metacognition 
explicitly with the exception of those with low Achieving decile or subscale like 
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Aron.  Note that although Abe also has a low AM, he has a well above average DM 
and Deep profile overall, while Aron only has an average DM. 
If one looks at the APM measure of eductive ability and overall frequency 
of explicit metacognitive statements, their ranking from highest to lowest are not the 
same.  APM ranking shows Melun, Aron (both GI Intellectually Superior), Abe 
(GII Definitely Above Average Intellectual Capability) and Cauis (GIV Definitely 
Below Average Intellectual Capacity) in this order.  However, when they are ordered 
according to explicit metacognitive statements, it will be Abe, Melun, Cauis and 
Aron. These findings appear to support those of the Case 1 Group where eductive 
ability does not differentiate participants in relation to their explicit metacognitive 
statements.  The same is observed for the CTR versus frequency of metacognitive 
statements. 
Like Cases 1 and 2, Abe who provided the most number of critical 
statements such as in-depth clarifications, making inferences, providing justifications 
for their statements and offering solutions to problems, made the most frequent 
explicit metacognitive statements.  In particular, metacognitive statements that 
demonstrate ability to identify, decipher and interpret correctly the feelings and 
thoughts connected with a given aspect of the task (SSA - skill of self-awareness, 34 
combined frequency) and showing an awareness of one's approach to a cognitive 
task (KT - knowledge of task, 30 combined frequency), with Abe and Melun 
showing the highest frequency of explicit metacognitive statements made overall. 
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Table 6.6 
Case 3: Summary of implicit or non-explicit metacognitive statements (NEM) 
 
NEM  
(KP) 
NEM  
(KS) 
NEM  
(KT) 
NEM  
(SE) 
NEM  
(SP) 
NEM  
(SR) 
NEM  
(SSA) 
Individual 
Totals 
Cauis  
(-0.11)  
(67/2) (0/-/-)  
(22) 
1 2 6 3 1 2 1 16 
Aron  
(-0.38)  
(82/5) (0/+/-)  
(96) 
 
1 
 
3 1 
 
1 6 
Abe  
(-0.16)  
(83/5) (0/+/-)  
(83) 
1 
 
4 4 4 6 
 
19 
Melun  
(-0.20)  
(95/8) (0/+/0)  
(97) 
3 
 
8 5 
 
2 
 
18 
Total 5 3 18 15 6 10 2 5 
Key KP: knowledge - person KS: knowledge - strategy KT: knowledge - task 
SP: skill - evaluation  SP: skill – planning  SR: skill - regulation 
   NEM: non-explicit metacognition SSA: skill – self-awareness 
 
A further analysis of the transcript was done in order to draw out implicit or 
non-explicit metacognition (NEM) described in Chapter 2.  From Table 6.6 and 
Figure 6.11, we can see that the individual rankings of frequency of non-explicit or 
implicit metacognitive statements coincides with more explicit statements of 
metacognition.  Such statements imply a predominant awareness of one's approach 
to a cognitive task (NEM KT – knowledge of the task, 18 combined frequency) and 
awareness, appraisal or verification of one's knowledge and skills, and efficacy of a 
chosen strategy (NEM SE - skill of evaluation, 15 combined frequency).  Abe and 
Melun show the highest frequencies of non-explicit or implicit metacognitive 
statements made overall. 
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Key KP: knowledge - person KS: knowledge - strategy KT: knowledge - task 
SP: skill - evaluation  SP: skill – planning  SR: skill - regulation 
   NEM: non-explicit metacognition SSA: skill – self-awareness 
Figure 6.11. Case 3: Frequency totals of implicit or Non-explicit Metacognition 
(NEM). 
Key Point 5 
Once again, comparing with Case 1 and Case 2 Groups 1 and 2, one could infer from 
Case 3 Group that the more critical statements one makes, the more chances there 
are of the students thinking metacognitively and, therefore, exhibiting this explicitly 
or non-explicitly or in an implicit manner.  DAA and CTR do not appear to 
differentiate participants’ metacognitive behaviour, explicitly and non-explicitly or 
in an implicit manner while eductive ability does.  However, learners with a high 
Deep learning profile, particularly with a high DM decile, are more likely to exhibit 
explicit and non-explicit/implicit metacognition.  A low AM will lower a learner’s 
tendency to exhibit explicit and non-explicit/implicit metacognition.   
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The relationship pattern between explicit and non-explicit/implicit 
metacognition and frequency of critical thinking, CTR and SPQ profiles for Cases 1 
and 2 was also observed with the Case 3.  One can infer from this that within the 
CoLeCTTE environment, the framework and design elements applied in this group 
did not impact significantly to support or enhance explicit and non-explicit/implicit 
metacognitive behaviour.  This implies that metacognition is a natural behaviour of 
Deep learners and intervention serves to enhance their metacognitive behaviour 
while for other non-deep learners, further direct intervention and strategies may be 
needed in order to elicit metacognition.   
6.4.2 Influence of technology in critical thinking performance 
This section answers Research Question 2 namely, Do learning 
technologies influence the acquisition of deep learning and critical thinking within 
the proposed CoLeCTTE framework?, If so, how? (Section 5.4.2).  The results of the 
OTSES are reviewed against participants’ critical thinking overall (CTR) and 
responses to interview questions were analysed.  Since the Case 3 group was 
working within the revised CoLeCTTE environment, the interview responses were 
more focused on determining further influencing factors that affect acquisition of 
deep learning and critical thinking, and their experience working within this 
environment (Cauis declined to be interviewed due to workload issues in his 
schedule after the course).  This section explores the interrelationship between 
technology, learning and group work. 
6.4.2.1 Confidence with technology – technological-self-efficacy 
As with previous groups, the results of the Online Technologies Self-
efficacy Scale (OTSES) are reviewed against participants’ critical thinking overall 
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(CTR) and responses to interview questions were analysed.  As described in Chapter 
3, the OTSES is a measure of the participant’s own perception of their level of 
confidence and competence when it comes to using the internet and online 
technologies for both synchronous and asynchronous interactions.  As discussed in 
Section 6.3.1, the overall self-perception of technological confidence is good 
amongst the group with 75% considering themselves same as most with using 
technology (Melun considering himself better than most students).  For their group 
confidence levels Case 3 was generally very confident with the use of Internet and 
Asynchronous I computer technologies (responses were spread across the scale for 
using Synchronous and Asynchronous II type technologies).  Teamspot can be 
classified as Internet, Synchronous and Asynchronous II type technology. 
Note that Abe felt he was not confident at all when it came to using 
Synchronous and Asynchronous II type technologies although he had the highest CT 
frequency and second highest CTR (-0.20) while Aron felt he was somewhat 
confident for all technology types except for use of the Internet and showed the 
lowest frequency of critical thinking and CTR (-0.38).  Abe’s CTR seems to indicate 
that technology did not affect his critical thinking performance despite his lack of 
confidence with using Synchronous and Asynchronous II type technologies and the 
converse is true for Aron, who was more technologically confident but had a more 
negative CTR, indicating that the technology or other factors may have affected his 
CT performance as discussed below. 
Analysis of the interviews explored whether other factors influenced critical 
thinking behaviour after implementation of the revised CoLeCTTE framework for 
this group.  When asked to what extent the learning technology in the course 
contributed to or hindered understanding and achievement of the learnings in the 
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course responses indicated that, for the most part, participants claimed that 
technology did not hinder learning.   
6.4.2.2 Benefit of the technology to the group learning activity 
Abe felt that lack of confidence per se would hinder learning and that there 
had to be a benefit to using it saying,  
When you do not know how to use it, then you cannot use it.  I have no 
problems having to learn the technology but there has to be a benefit to it, 
otherwise it was better to learn the old fashioned way.  …technology was 
unnecessary and they could have worked just as effectively with a single 
computer to a group with a large screen and this would only have 5% of 
the trouble with the setup done and therefore, have it simpler.  It then 
reduces the emotional and mental space with having to deal with the 
technology.   
 
As with previous discussions in Section 5.4.3.4, Abe’s comments points to 
a conflict between what he perceives as an effort in having to learn the technology 
and purpose of the technology for the activity.  Furthermore, the multi-user access 
and collaborative feature of Teamspot was not considered useful for their team to 
complete the task.  Note that Teamspot, a university-wide system, was specifically 
chosen as appropriate for their activity by the researcher and Course Facilitator.  
Abe’s comments indicate, therefore, that more consideration needs to be made on 
how students can collaboratively use the technology and/or reconsideration of both 
the collaborative approach and type of technology to be used.   
6.4.2.3 Novelty of technology 
Aron commented that technology became a hindrance for him to a certain 
degree, “The use of technology was a little bit too much and even after five days, 
there were still some technological issues”.  During the course, Aron used his own 
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laptop but had problems with the default cache and his wireless set-up especially in 
the beginning.  Although, he was provided with another laptop, Abe felt that the 
hindrance came from having to spend time on dealing with the novelty of the 
technology even after two weeks into the course.  This indicates that experience and 
training with technology over a period that would allow students to get over the 
“novelty” aspect of the technology needs to be considered.  However, he also felt 
that using a common screen to build ideas was “useful and effective …and the idea 
of having laptops on wheels and set-up ready to plug and play was beneficial”. 
6.4.2.4 Technology conflicting with members owning group leadership 
Interestingly, Aron provided another view of technology as a hindrance 
because it “reduced directed group work because everyone was able to take the 
control of the mouse and main screen”.  To Aron, this created issues about the 
leadership of the group in that there needs to be one area of control so things get 
driven forward.  This is explained further with his statement, “A team needs a leader 
to drive it rather than have anyone drive a mouse up the main screen and ‘sabotage 
it’.  Have a hierarchical control”. 
Conversely, Melun felt that they did not need a leader as one would in 
larger groups.  He commented:  
I think groups need a distinct leader at the end of the day.  Certainly, for a 
larger group…  I am not saying we needed one for this course, we seemed 
to manage ok even if sometimes we would fall victim due to lack of a 
leader as sometimes one would go another way and another the other way 
and not arriving at a clear consensus… 
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Although Melun’s statement conflicts with Aron’s, this may be a result of 
the differences in their technological self-efficacy as described above, with the 
former more confident as expressed in the following statement: 
I have no problems adapting to technology and you cannot afford not to be 
able to adapt to it in this day and age.  …the older generation would find 
technology daunting at times but my age group grew up with it.  I am not 
phased at all with the technology used in the course but we just needed 
more time with it.  The technology or learning the technology per se does 
not worry me but just needing to get over the technology issues. 
 
6.4.2.5 Central storage utility in support of group task 
The function of technology as a central storage utility was also highlighted 
in the Case 3 group.  Melun shared that his group would “dump stuff on the server 
so they could just be available …and throw up everything on the personal screen that 
was working with it and then put it up on that screen and found that worked well.  It 
was good, yeah”.  He felt that it was more about doing the work better, “a tool to get 
the job done as opposed to understanding the subject matter or about 
thermodynamics”. 
6.4.2.6 Technology setup to facilitate learning behaviours 
As with Case 2, the group felt that Teamspot helped facilitate the learning 
in the course.  Aron explains this clearly: 
If the technology was simple to use and working well, working on a 
presentation and completion of learning task, the actual use of technology 
forces one into a behaviour that allows one to learn and facilitate the 
acquisition of knowledge.  The actual act of presenting and talking about 
the topic makes one understand the concepts better. 
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The operative word in Aron’s statement above is “facilitate” and is 
achieved by participants sharing knowledge.  In other words, the technology was 
seen as a tool to support co-construction of knowledge.  Abe felt that although 
everyone used a laptop during the group work, it was not always beneficial as 
described above, but having a “scribe” that could put up contributions of group 
members to the discussion on the shared screen/monitor, helped in clarifying 
meaning and ensured that everyone was on the same page.   
 
Key Point 6 
The interviews of Case 3 participants, who worked within the revised CoLeCTTE 
environment and where the predicating factors were considered in the design of the 
activity, further confirmed that technological self-efficacy or confidence in the use of 
technology alone would not determine how learners would behave in a group and 
technology-enabled environment.  The design of learning activities for groups 
collaborating within a technology-enable learning environment will need to further 
consider the following: benefit of the technology to the group learning activity, 
elimination of technological novelty, careful consideration of the benefits of the 
technology to the group task, and implementation of strategies to ensure that 
technology does not conflict with a member undertaking a leadership role.  
 
So in answer to the research question of whether learning technologies 
influence the acquisition of deep learning and critical thinking within a technology-
enabled collaborative group environment, one needs to consider the factors above to 
support collaborative discourse and interaction into the design of the group task, and 
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use technology as a vehicle to support the key learning behaviours outlined above, 
thereby facilitating higher orders of thinking. 
6.4.3 Learning and critical thinking in group work 
As with Case 2, this topic aims to answer Research Question 3 namely, 
How might learning be designed to facilitate the acquisition of deep learning and 
critical thinking within a technology-enabled collaborative environment?  It focuses 
on the learning and critical thinking aspect of the collaborative and technology-
enabled activities in the study, in particular, with reference to Case 3.  The analysis 
of the responses to this research question was aimed at gaining further insights in 
terms of participant suggestions about improving how they learned and what they 
would do differently next time to ensure that they get the most benefit from learning 
and completing their activity while using the technologies provided.  Participant 
responses fell into three categories and are discussed below: 
6.4.3.1 Differences in learning styles 
Overall, participants in Case 3 felt that differences in learning styles within 
their groups did not affect group outcomes but instead, helped to enrich group 
interaction and co-construction of knowledge as indicated in Aron’s response.  He 
felt that it was good to have differences in learning styles because “a well-balanced 
group is beneficial to the group as your weaknesses are complemented by other 
people’s strengths”.  He gave other groups as examples who he felt were more 
balanced as members because they represented different parts of the power station 
and so had broad knowledge bases.  Aron felt that these groups were better than 
their group who were all mechanical engineers.  He saw this as being similar to 
learning styles saying, “Different learning styles allow one to bounce off each other 
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and learn from each other”.  On the other hand, Abe felt that differences in approach 
to doing group work can contribute to inefficiencies in group work, “…issues were 
more related to the inefficiencies and equity in allocation and completion of tasks.  
You see this in the quality of the group report compared to the Stanwell group where 
everyone comes from the same site where they can just talk to each other”. 
6.4.3.2 Technology integration balanced against course duration 
Although Teamspot was specifically selected for this course to support 
group collaboration, Abe further highlighted that course duration should be 
considered in relation to the value of integrating technology.  The efforts to resolve 
technological issues or preparation (e.g., reloading software each time a course is 
run), “may not be practical or worth the effort for a short course but may be different 
if one was a full-time student and every subject used the same software”. 
6.4.3.3 Degree of intervention 
Abe implied that the degree of intervention in the collaborative interaction 
and design of the group activity should encourage members to contribute to tasks 
that uniquely contribute to the output rather than having everyone working on the 
same tasks and then pooling these together: 
It simply becomes too difficult to compare each other’s document and 
check for correctness especially if there is a large amount of information 
being shared such as a spreadsheet with a couple thousand entries. 
 
This approach to allocation of group tasks during activity design is 
reasonable to consider when it is taken in the context of what was said previously in 
Section 6.4.2.6 about being able to effectively co-construct knowledge. 
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Key Point 7 
The Case 3 group worked within the revised CoLeCTTE environment where the 
design considerations identified in Case 2 had been incorporated into the 
instructional design, and therefore, had influence on their collaborative behaviour 
and learning.  The following criteria were further identified in Case 3: ensure that 
conditions are supportive of allowing differences in learning styles to support group 
interaction and contribution; differences in learning styles in terms of how it can 
enhance group learning so that members can discuss and share learning, balance 
technology integration against the duration of the course and designing the degree of 
intervention to allow unique member contributions to tasks. 
 
So in answer to the research question of how learning can be designed to 
facilitate the acquisition of deep learning and critical thinking within a technology-
enabled collaborative environment, as in Case 2, this would depend on the extent to 
which the instructional design is supportive of optimising the learning experience 
and reducing the barriers to effective learning.  The considerations identified above 
are key elements that need to be considered during the design process and in defining 
the final CoLeCTTE framework and guidelines in this study. 
6.5 Case 3 summary 
Seven key points relating to learning to eductive ability, learner approaches 
and strategies influencing critical thinking have been presented.  In addition, the 
influence of technological self-efficacy in critical thinking performance, and learning 
and critical thinking in group work was also discussed.  A summary of the discussion 
is presented in the Table 6.7. 
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In summary, Case 3 involved a revision to the CoLeCTTE framework 
which was used for the Applied Thermodynamics class.  It was an environment 
which removed or reduced the identifiable barriers and negative factors that would 
impede students from engaging critically.  Rather, positive reinforcement strategies 
through explicit intervention to facilitate collaboration and critical thinking were 
applied.   
The implications of the results in comparison to Cases 1 and 2 are discussed 
in Chapter 7. 
Table 6.7 
Summary of Findings for Case 3 
Key Points Findings (face-to-face) 
1 Frequent critical thinking behaviour 
 Similar ranking between DAA and eductive ability was not strongly 
evident in Case 3, although there appeared to be a similar trend.   
 SPQ profile, scales and subscales, frequency of critical statements did 
not differentiate participants compared to Cases 1 and 2.   
o Not limited to high DA scales and subscales and high AM 
o SA and low AA profiles had less negative impact 
 The pattern of relationship between higher CT frequency amongst 
participants with higher DM and DS was not consistent in Case 3. 
 Relationship between frequency of critical statements and, high 
DAAs and AM was not consistent in Case 3.   
 In the revised CoLeCTTE framework, SA and low AA profiles 
appeared to have less negative impact on critical thinking behaviour; 
CoLeCTTE is an environment that does not hinder, rather it supports 
individual learner’s overall critical thinking behaviour or CTR. 
 Group role and task can detract from and influence critical thinking 
behaviour even if they have stronger DA and AA scales compared to 
their SA scales. 
 
2 Critical thinking ratio (CTR) 
 SPQ profile, scales and subscales, CTR did not differentiate 
participants compared to Cases 1 and 2.   
o Not limited to high DA scales and subscales and high AM 
o SA and low AA profiles had less negative impact 
 The pattern of relationship between more positive CTR amongst 
learners with higher DM and DS was not consistent in Case 3. 
 Relationship between more positive CTR and, high DAAs and AM 
was not consistent in Case 3.   
   
CHAPTER 6 Case 3 Results and Analysis  274 
Key Points Findings (face-to-face) 
 In the revised CoLeCTTE framework, SA and low AA profiles 
appeared to have less negative impact on critical thinking behaviour; 
CoLeCTTE is an environment that does not hinder, rather it supports 
individual learner’s overall critical thinking behaviour or CTR. 
 
3 Performance at higher levels (types) of critical thinking 
 Contrary to Cases 1 and 2, the findings did not indicate that 
determining the quality of a student’s critical contribution to group 
work discussion could be based on their overall critical thinking 
performance (CTR), nor did a relationship exist between APM 
measures of eductive ability and CTR.   
 There was an absence of a relationship between SPQ measures of 
DAA and CTR.   
 No pattern existed to indicate that learners with high eductive ability 
would exhibit more of the higher order skills than those with lower 
eductive ability.   
 The dominance of AM and DS subscales did not play a part in how 
learners demonstrated various types of critical thinking and was 
evident in “low need achievers”.   
 
4 Surface, deep and achieving profiles 
 Unlike Cases 1 and 2, Case 3 showed that learners with Low 
Achievement Motivation or “low need achievers” exhibited critical 
thinking behaviours.   
 In the revised CoLeCTTE framework, a stronger AA compared to SA 
scale did not necessarily make learners perform more critically.  
Conversely, SA learners were also seen to exhibit critical thinking 
behaviours.   
 
5 Explicit and implicit or non-explicit metacognition (NEM) 
 The more critical statements that students made, the more chances 
there were of the students thinking metacognitively and, therefore, 
exhibited this explicitly or non-explicitly or in an implicit manner.   
 Eductive ability, DAA and CTR did not appear to differentiate 
participants’ metacognitive behaviour, explicitly and non-explicitly 
or in an implicit manner.   
 As with Case 2, learners with a high Deep learning profile, 
particularly with a high DM decile, were more likely to exhibit 
explicit and non-explicit/implicit metacognition.  A low AM lowered 
a learner’s tendency to exhibit explicit and non-explicit/implicit 
metacognition.   
 
6 Influence of technology 
 Use technology as a vehicle to support the key learning behaviours, 
thereby facilitating higher orders of thinking. 
 Additional predicating factors that will influence collaborative 
behaviour and learning in groups: 
o Benefit of the technology to the group learning activity. 
o Elimination of technological novelty. 
o Careful consideration of the benefits of the technology to the 
group task. 
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Key Points Findings (face-to-face) 
o Implementation of strategies to ensure that technology does 
not conflict with a member undertaking a leadership role. 
 Technological self-efficacy or confidence in the use of technology 
alone will not determine how learners will behave in groups and in a 
technology-enabled environment.   
 
7 Instructional design considerations 
 Further conditions that need to be incorporated into course and 
activity design: 
o Consider differences in learning styles in terms of how it can 
enhance group learning so that members can discuss and 
share learning. 
o Balance technology integration against the duration of the 
course. 
o Design the degree of intervention to allow unique member 
contributions to tasks. 
 Like Case 2, facilitating the acquisition of deep learning and critical 
thinking within a technology-enabled collaborative environment 
depended on the extent to which the instructional design was 
supportive of optimising the learning experience and reducing the 
barriers to effective learning and critical thinking. 
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CHAPTER 7. Discussion 
7.1 Overview of chapter 
This study had the overall aim of developing a framework that will guide 
the purposeful and judicious use of learning technologies, specifically to identify the 
constraints and affordances that facilitate critical thinking in collaborative and 
technology-enhanced learning environments.  This chapter brings together the results 
and analyses of the three cases as a whole-of-study discussion as discussed in 
Section 3.3.   
The discussion begins with a description of Cases 1, 2 and 3 as events 
within the framework of a single case study (Section 7.2).  The research questions 
are each discussed through a whole-of-study summary of findings and analyses 
(Section 7.3).  This section generalises the results to theoretical propositions and 
highlights how learner skill bases, collaboration and technology influenced critical 
thinking within the proposed and revised CoLeCTTE frameworks.  The final 
revision of the CoLeCTTE framework is discussed in Section 7.4. 
7.2 CoLeCTTE case study - A tale of three critical thinking groups 
This story began with a dilemma, the all too common assumption and claim 
that learning technologies will facilitate student learning and engagement when 
integrated into teaching practice in the classroom, or in distance, flexible and 
blended learning environments.  There was the question of whether the cognitive 
indicators as evidenced by discourse, are a function of nature or nurture, and the 
extent to which these impact learning behaviour and outcomes, particularly critical 
thinking.  There was a notion that what is seen and heard by those facilitating the 
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learning is only an externalisation of what already exists and this needed to be 
explored. 
The researcher is a learning design professional who was engaged to 
support the development of group activities in Cases 1, 2 and 3 and was a non-
participant observer during the conduct of each of the activities.  This study began 
with three research questions about how collaborative learning in technology-
enhanced environments could support critical thinking and deep learning; 
specifically, the influence of learner skill bases such as eductive ability, 
technological self-efficacy, approaches to learning and motivation were also 
considered.  The study describes the researcher’s journey of metacognitive 
questioning, the evolutionary development of an instructional design framework to 
support critical thinking in a collaborative and technology-enhanced environment, 
and indeed, an exploration of the guidelines by which this can be achieved.   
7.2.1 Case 1 - Core Project Implementation 
Case 1 was comprised of undergraduate students from the Core Project 
Implementation course who needed to implement a proposal of a Multimedia-Rich 
Australian History Wiki as outlined in the business plan.  The CoLeCTTE 
framework derived from the literature for the integration of learning, activities and 
technology, was implemented throughout the 14-week course.  The business plan 
was an authentic capstone activity.  Learning tasks were complex, case-based and 
problem-based; they were ill-defined and ill-structured so students had to define the 
tasks and sub-tasks needed to complete the activity.   
The researcher observed natural critical thinking behaviour that arose as a 
result of the students working in a technology-enhanced environment and within a 
   
CHAPTER 7 Discussion  279 
group activity.  Participants’ eductive ability, technological self-efficacy, approaches 
to learning and motivation were measured using Raven’s Advanced Progressive 
Matrices (APM) (Raven, Raven, & Court, 1998), Online Technologies Self-efficacy 
Scale (OTSES) (Miltiadou & Yu, 1999), and Study Process Questionnaire (SPQ) to 
determine learning approach and motivation (Biggs, 1987).  Video and online chat 
logs, face-to-face group work and discussions were transcribed and coded using the 
Critical Thinking (CT) Coder (Off-Ice Applications, 2008).  Data were analysed 
using content analysis of the coded transcripts to extract critical thinking statements 
by participants and descriptive analysis to determine critical thinking frequencies and 
ratios.  Internal validity was maintained through the use of a naturalistic approach 
and implicit intervention was used.  The interrelationship between technological self-
efficacy, eductive ability and learning approaches with critical thinking performance 
was explored, along with how individual technological self-efficacy may have 
influenced such performance.  The results provided explanations of causality of how 
learner skill bases (learning approach and eductive ability) influenced critical 
thinking within the proposed CoLeCTTE framework but provided limited 
explanation of learning technologies and how they influenced the acquisition of deep 
learning and critical thinking.  Learner perceptions of their experience within the 
ColeCTTE environment had to be further explored to confirm the findings, 
determine causal and other factors that might influence critical thinking behaviour, 
and provide validity basis for the CoLeCTTE framework.  Case 2 provided the 
opportunity for more in-depth exploration. 
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7.2.2 Case 2 Industrial Electrical Power Distribution  
Case 2 was comprised of postgraduate students from the Industrial 
Electrical Power Distribution course.  These students worked in teams to create an 
accurate working model of an industrial power system that illustrated all the 
significant aspects of a typical power distribution system.  The same proposed 
CoLeCTTE framework was used in Case 2 was used for Case 1 and implicit 
intervention was again the approach used in designing the activities.  As with Case 1, 
APM, OTSES and SPQ were again used to determine eductive ability, technological 
self-efficacy and learning approaches.  Video observations were limited to face-to-
face group work and discussions which were transcribed and coded using the Critical 
Thinking (CT) Coder (Off-Ice Applications, 2008).  Data were analysed using 
content analysis of the coded transcripts to extract critical thinking statements by 
participants and descriptive analysis to determine critical thinking frequencies and 
ratios.  In addition, participants were individually interviewed to explore and 
determine in-depth their experiences in terms of the impact of technological self-
efficacy, eductive ability and learning approaches compared with how these may 
have influenced their group performance.  Specifically, insights from participants 
were acquired on how learning opportunities can be designed to facilitate their 
acquisition of deep learning and critical thinking within a technology-enabled 
collaborative environment.  The results provided a degree of corroboration between 
observations and participant insights into the predicating factors and key conditions 
that were essential to support learning, as well as indications for further revisions to 
the CoLeCTTE framework.  Furthermore, the acquisition of deep learning and 
critical thinking would depend on the extent to which the instructional design would 
be supportive of optimising the learning experience, and reducing the barriers to 
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effective learning.  However, the researcher felt that in keeping with the 
epistemological philosophy of case study research, further validation of these results 
would strengthen the developing causal explanations arising from Cases 1 and 2.  
Indeed, if CoLeCTTE was effective in facilitating critical thinking behaviour, there 
would be less differentiation between participants in a group.  This was achieved 
through Case 3. 
7.2.3 Case 3 Applied Thermodynamics  
Case 3 was comprised of postgraduate students from an Applied 
Thermodynamics course within a Masters of Engineering (Power Generation) 
program.  These students worked in teams to develop a thermal efficiency project 
and produce a Justification Report for presentation to a mock board.  A revised 
CoLeCTTE framework was used in Case 3 and explicit intervention was the 
approach used in designing the activities.  Direct instructions on how to share, 
collaborate, and use the technology were included in the activity instructions.  Task 
assessment criteria were made more explicit to trigger group behaviours focused on 
achieving targeted critical thinking outcomes.  These were provided in the form of 
increased technical support and guiding instructions that were purposefully 
embedded in the activity process to encourage group discussion, critical debate and 
collaboration.  Critical thinking-based outcomes were made more explicit in the task 
assessment rubric.  In Case 3, the activity became a structured authentic task where 
the instructions served as prompts or behavioural triggers for the group.  As with 
Cases 1 and 2, APM, OTSES and SPQ were again used to determine eductive 
ability, technological self-efficacy and learning approaches.  Video observations 
were again limited to face-to-face group work and discussions which were 
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transcribed and coded using the Critical Thinking (CT) Coder (Off-Ice Applications, 
2008).  Data were analysed using content analysis of the coded transcripts to extract 
critical thinking statements by participants and descriptive analysis to determine 
critical thinking frequencies and ratios.  A semi-structured interview of individual 
participants following the same line of questioning as Case 2 was conducted to 
explore and determine more in-depth, their experiences within the revised 
CoLeCTTE framework.  The results provided new insights and information on the 
degree of corroboration and disjunction between results of Case 2 and 3 in terms of 
the predicating factors and key conditions essential to support learning, and for the 
final revisions to the CoLeCTTE framework.   
7.3 Research questions and whole-of-study findings 
This section presents the whole-of-study findings and analyses according to 
the research questions undertaken in this study.  Cases 1, 2 and 3 explored the 
following research questions: 1) Do learner skill bases (learning approach and 
eductive ability) influence critical thinking within the proposed CoLeCTTE 
framework? If so, how?; and 2) Do learning technologies influence the acquisition of 
deep learning and critical thinking within the proposed CoLeCTTE framework? If 
so, how?  3) How might learning be designed to facilitate the acquisition of deep 
learning and critical thinking within a technology-enabled collaborative 
environment?   
Cases 2 and 3 explored the third research question in this study through 
observations and individual participant interviews.  The individual and group results 
of this study were reported on a within-class and within-group basis to maintain 
internal validity.  It is important to point out that, although there are challenges that 
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relate to generalisability in using single case studies, the strength of this study lies in 
the investigation of multiple cases using sequential and progressive approaches (see 
Sections 3.2 and 3.3), allowing for confirmation and indepth investigation of case 
findings.  Furthermore, Yin (2003, pp. 10-11) countered the supposition by 
positivists that a single case study lacked generalisability to a sample, population or 
universe by stating that, “case studies, like experiments, are generalisable to 
theoretical propositions”.  This means that validation of causal explanations in the 
study can be derived from existing theories and previous research.  This section will, 
therefore, consolidate the findings of Cases 1, 2 and 3, and present the analytical 
generalisation and theoretical propositions according to the research questions in the 
study. 
7.3.1 Research question 1: Learner skill bases and critical thinking  
Research question 1 sought to answer, “Do learner skill bases (learning 
approach and eductive ability) influence critical thinking within the proposed 
CoLeCTTE framework? If so, how?”  It aimed to test the proposition that within the 
CoLeCTTE framework, the level of technological self-efficacy, differences in 
eductive ability, approach to learning and motivation may influence students’ 
learning and critical thinking within contextualised and goal-oriented tasks.   
In general, the key points in the summary of findings for Cases 1and 2 
indicates (Table 4.8 and Table 5.7) that a participant’s level of critical thinking 
(frequency), quality of critical thinking overall (ratio or CTR) and metacognition 
(explicit and non-explicit/implicit) are influenced by their SPQ Deep Approach and 
Achieving Approach scales and subscales, particularly Deep Strategy and Achieving 
Motive.  These influences were evident within the proposed CoLeCTTE framework  
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(Cases 1 and 2) but were reduced in the revised CoLeCTTE framework (Case 3).  
The findings have revealed the predominance of specific learner skills bases in the 
performance of higher order skills or critical thinking overall in Cases 1 and 2 under 
the initially proposed CoLeCTTE framework, while Case 3 which used a revised 
framework, showed a lack of or reduced dominance of learner skill bases.  The 
findings (key points) and how learner skill bases and the revised CoLeCTTE 
framework influenced level of critical thinking (frequency), quality of critical 
thinking overall (ratio or CTR) and metacognition (explicit and non-
explicit/implicit) are now discussed. 
7.3.1.1 Influence of learner skill bases on critical thinking frequency, CTR and 
metacognition 
Key Point 1 – critical thinking frequency, in the summary of findings for 
Cases 1 and 2 (Table 4.8 and Table 5.7), showed similar results and interpretation, 
noting that these were derived within the proposed CoLeCTTE framework.  First, 
ranking group members according to their SPQ measures of Deep Achieving 
Approach did not always parallel ranking of APM measures of eductive ability, 
indicating that a weak relationship exists.  Second, participants who had a high 
Achieving Approach and those with a Deep Approach (in particular, higher Deep 
Strategy) tended to make frequent critical thinking statements and more so, when 
Deep Strategy is accompanied by a high Achieving Approach.  However, the 
findings in Case 2 indicated that group role and task can detract from and influence 
critical thinking behaviour even if participants had stronger Deep approach and 
Achieving Approach scales compared to their Surface Approach scales. 
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Key Point 1 – critical thinking ratio (CTR), in the summary of findings 
for Cases 1 and 2 (Table 4.8 and Table 5.7), highlighted the compounding effects of 
high or low Deep Achieving Approach learning profile and eductive ability.  In 
Cases 1 and 2, Deep participants with a higher Deep Achieving Approach tended to 
perform better overall (have a more positive CTR) especially when they had a high 
Deep Motive and/or Deep Strategy.  Conversely, participants with low Deep 
Achieving Approach, Achieving Motive and Achieving Strategy tended to have less 
positive CTR.  However, Case 1 showed that participants with a low Deep Approach 
but a higher Achieving Motive in their profile tended to perform better online.  
Learners who had a Deep Approach (tended to have a high eductive ability) were 
also more likely to perform more critically overall but when accompanied by a low 
AM in their profile, were most likely perform less critically.  Furthermore, the results 
of Case 2 also showed that the role that an Achieving or Deep Achieving learner 
may be tasked to do can influence the way they behave critically especially if there 
were factors affecting their communication.  Also, experience or upbringing 
influenced critical thinking behaviour contrary to their general learning approach. 
Key Point 2 – performance at higher levels (types) of critical thinking, 
in the summary of findings for Cases 1 and 2 (Table 4.8 and Table 5.7), indicated 
that learners with both high eductive ability/Deep Achieving Approach and CTR 
appeared to exhibit more of the higher order CT skills.  CTR may be used as a 
determinant of the quality and level of a participant/student’s critical contribution to 
group work discussion.  However, it should be noted that there appeared to be a 
weak relationship between eductive ability and the exhibition of higher levels of 
critical thinking behaviour.  Rather, the dominancy of Achieving Motive and 
Achieving Strategy played a part in how non-Deep or Deep Approach learners 
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demonstrated various types of critical thinking skills.  Again, the role that members 
undertook in a group, and experience or upbringing influenced critical thinking 
behaviour contrary to their general learning approach. 
Key Point 3 – Surface, deep and achieving profiles, in the summary of 
findings for Cases 1 and 2 (Table 4.8 and Table 5.7), indicated that Deep learners, 
especially with a high Deep Strategy, were likely to exhibit higher levels critical 
thinking behaviours face-to-face while the opposite was true of participants who 
were Surface learners or had a high Surface Motive and Low Achievement 
Motivation.  It appears that performance at higher levels of critical thinking is a 
function of the mix of high CTR and/or high eductive ability, Deep Achieving 
Approach, Deep Approach and Achieving Motive characteristics.  More so, a high 
achieving learning profile was most likely to have a positive influence on the level of 
critical thinking especially with a high Achieving Motive, and if a participant’s 
Achieving Approach was strong compared to their Surface Approach, they were 
likely to perform more critically.  However, factors like work overriding the priority 
to learn, poor learning skills, frustration, stress and poor self-confidence, influenced 
critical thinking behaviour even if a participant had stronger Deep Approach and 
Achieving Approach scales compared to their Surface Approach scales.   
Key Point 4 – explicit and implicit or non-explicit metacognition 
(NEM), in the summary of findings for Cases 1 and 2 (Table 4.8 and Table 5.7), 
indicated that the more critical statements that participants made, the more chances 
there were of participants thinking metacognitively and, therefore, exhibited this 
explicitly or non-explicitly or in an implicit manner.  Unlike Case 1 however, Case 2 
showed that CTR and eductive ability appeared to differentiate explicit and non-
explicit or implicit metacognitive behaviour.  Cases 1 and 2 continued to show that 
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Deep Achieving Approach was not likely to differentiate participants in terms of 
their explicit metacognitive statements, and Deep learners with high Deep Motive 
tended to make metacognitive statements unless they had a very low Achieving 
Motive. 
An important point to make is that the influence of Deep Strategy and 
Achieving Motive subscales of Deep Approach and Achieving Approach learners, 
respectively, on Critical thinking performance (frequency, CTR and metacognition) 
appeared to be supported by the reliability measures for these subscales in Table 3.1.  
However, reliability measures have indicated that interpretation of these results 
should be based within context (Biggs, 1993).  The discussions to follow 
differentiate between the proposed and revised CoLeCTTE context as it applies to 
Cases 1, 2 and 3, respectively.  Although construct validity of the SPQ is reliable for 
a three-factor structure (see Section 3.5.1.3), discussion on the how these influences 
came into play within the revised CoLeCTTE framework will include contribution of 
the subscales to highlight underlying causes and influences.  Figure 7.1 shows the 
influence of the revised CoLeCTTE framework on the relationship between learning 
approach and critical thinking performance.  This figure will be referred to in the 
discussions of CT frequency, CTR and metacognition below. 
7.3.1.2 How CT frequency is influenced by learner skill bases and the revised 
CoLeCTTE framework 
Overall, the discussion in Key Point 1 above indicates that in both Cases 1 
and 2, critical thinking frequency appears to be a function of the individual mix of 
motivation and strategy scales and subscales, that is, the individual learning profile; 
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particularly, a high Achieving Motive makes learners perform more critically in 
collaborative groups.   
 
Figure 7.1. Influence of CoLeCTTE framework on learning approach and critical 
thinking relationship. 
Figure 7.1 shows that within groups, participants who had a higher Deep 
Approach learning profile, especially when accompanied by high Achieving 
Approach and/or Deep Achieving Approach, will likely demonstrate higher CT 
frequency.  This is depicted by the up arrow and dashed balancing platform.  The 
diagram also shows that higher CT frequency would most likely be demonstrated by 
participants who had high Deep Motive and Deep Strategy (Deep Approach) 
 
 
Profile combination: 
 
DA (motive/strategy) 
AA (motive)/DAA 
+ non-deep profile 
Positive influences 
 CT freq difference – online vs F2F 
 order CT levels 
SA (motive) 
AA (motive) 
DAA + AM + 
Negative influences   CT freq difference – online vs F2F 
 order CT levels 
CoLeCTTE 
 
CT frequency / CT ratio / metacognition 
Legend: 
SA – Surface Approach  DA – Deep Approach AA – Achieving Approach 
AM – Achieving Motive  CT – Critical Thinking CTR – Critical Thinking Ratio 
DAA – Deep Achieving Approach EA – Eductive ability 
 
*EA – CT frequency: no relationship  ∆EA – CTR: relationship not strongly evident 
EA (Case 2) / CTR and DAA (Cases 1 & 2) / CT frequency, DA + AM (Cases 1, 2 and 3) 
   
CHAPTER 7 Discussion  289 
learning approach, particularly, the latter.  Although, when accompanied by a low 
Achieving Motive learning approach, poor learning skills, frustration, stress and poor 
self-confidence, or when other negative influences such as work priorities overriding 
the priority to learn, a lower frequency of CT behaviour becomes evident.  This is 
depicted by the down arrow and dashed balancing platform.  So a learning approach 
profile that is composed of a high Achieving Motive and Deep Achieving Approach 
subscale (even if Surface Approach subscales are dominant or if Deep subscales are 
below average), will tend to contribute to more frequent CT behaviour and better 
performance online.  The result is even more pronounced when the Surface 
Approach scale is low, highlighting how the Achieving scale can impact CT 
performance.  So it follows that a low Achieving Approach especially Achieving 
Motive, in Surface Approach learners will tend to have a negative influence on the 
frequency of CT behaviour with greater difference between online and face-to-face.  
Specifically, non-Deep Approach learners will not necessarily perform less critically 
in collaborative groups but when accompanied by a high Achieving Motive learning 
approach in their profile, will most likely do so.  In addition, although eductive 
ability percentile tends to parallel the presence of a Deep Achieving Approach 
profile, its influence on CT frequency is not strongly evidenced.  It is important to 
note that group role and task may detract from and influence CT behaviour, while 
positive influences such as good learning skills learnt at an earlier age will have a 
positive influence on CT frequency. 
However, in Case 3 where the revised CoLeCTTE framework was used, 
these findings were different ; SPQ profile, scales and subscales, frequency of 
critical statements has not differentiated participants compared to Cases 1 and 2 (see 
Key Point 1 in Table 6.7).  That is, frequent critical thinking behaviour was not 
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limited to high a Deep Approach or high Achieving Motive.  This is depicted by the 
solid balanced platform created by CoLeCTTE.  Correspondingly, Surface Approach 
and low Achieving Approach learning profiles appeared to have less negative impact 
and therefore, were less differentiated from Deep and Achieving participants in 
terms of the frequency of CT statements made.  Furthermore, the pattern of 
relationship between higher CT frequency amongst learners with higher Deep 
Motive and Deep Strategy was neither consistent nor was this seen with Deep 
Achieving Approach and Achieving Motive learning profiles.  So the findings show 
that the revised CoLeCTTE framework created an environment that did not hinder 
but rather, supported individual learner’s ability to frequently engage critically and 
collaboratively. 
As to the types of critical thinking exhibited, in-depth clarification was the 
most frequent critical thinking type exhibited by Cases 1, 2 and 3.  Making 
inferences, providing justifications and solutions was also present, however, these 
were predominant in participants with the highest frequency of CT in Cases 1 and 2 
with the latter including those with high eductive ability.  As summarised in Key 
Point 3 in Table 6.7, this differentiation was not evident amongst Case 3 participants 
indicating that the effects of a learning environment, where higher order CT 
behaviour was demonstrated, was not limited to learners with high eductive ability, 
CTR or DAA; nor did the dominance of Achieving Motive and Deep Strategy play a 
part in how participants would demonstrate various types of critical thinking 
behaviour.  It also appears that “low need achievers” also demonstrated higher order 
thinking in Case 3.  This indicates that the revised CoLeCTTE framework did not 
differentiate learners in terms of the frequency of their critical thinking behaviour. 
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7.3.1.3 How CT ratio (CTR) is influenced by learner skill bases and the revised 
CoLeCTTE framework 
As with CT frequency, the influence of learning characteristics on CTR in 
Cases 1 and 2 was similarly observed.  Figure 7.1 shows that within their groups, 
participants who have above average to well above average Deep Approach learning 
profile will tend to show higher CTRs (more so with Deep Strategy especially when 
accompanied by a high Deep Achieving Approach learning approach).  This is 
depicted by the up arrow and dashed balancing platform.  Although this is not 
consistently the case with a high Achieving Approach, Achieving Motive learning 
approach has again shown to have a positive influence on CTR as with CT 
frequency.  Again, a high eductive ability percentile tends to parallel the presence of 
a Deep Achieving Approach to learning, but its influence on CTR is not consistently 
evidenced in Cases 1 and 2, more so for the former.  Conversely, a low Deep 
Achieving Approach learning approach has a negative influence on the CTR and the 
spread between online and face-to-face.  This is depicted by the down arrow and 
dashed balancing platform.   
Within the revised CoLeCTTE framework, Case 3 CTRs that were more 
positive, were again not limited to participants with high Deep Approach and high 
Achieving Motive learning approaches (see Key Point 2 in Table 6.7).  Surface 
Approach and low Achieving Approach learning profiles were shown to have less 
negative impact on CT performance overall (see Key Point 4 in Table 6.7).  This is 
depicted by the solid balanced platform created by CoLeCTTE.  Furthermore, the 
pattern of relationship between more positive CTR learners with higher Deep Motive 
learning and Deep Strategy was neither consistent and was not evident in learners 
with Deep Achieving Approach and Achieving Motive learning profiles.  This 
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reinforces the findings seen for CT frequency, supporting the finding that the revised 
CoLeCTTE framework created an environment that did not hinder but supported 
individual learner’s overall ability to engage critically and collaboratively.  
However, it should be noted that even in the revised CoLeCTTE environment, group 
role and task can detract from and influence CT behaviour even if participants had 
high Deep Approach and Achieving Approach. 
As to the types of critical thinking exhibited, providing justifications and 
solutions were highest in participants who had the most positive CTR and Deep 
Approach to learning, although this was more evident in Case 2.  One can 
hypothesise from this that learners with more positive CTRs and Deep Approaches 
to learning are more likely to exhibit the higher level of critical thinking skills.  
These skills, including making inferences, were also seen amongst Case 3 
participants but were not dependent on having the highest eductive ability, most 
positive CTR or Deep Approach learning profile (see Key Point 3 in Table 6.7).  
This indicates that the revised CoLeCTTE framework provided a learning 
environment where higher order CT behaviour was not limited to learners with a 
particular learning profile or skill base.  
Overall, the revised CoLeCTTE framework appears to have the effect of 
facilitating critical thinking performance by reducing the effects on individual 
learner skill bases.   
7.3.1.4 How metacognition is influenced by learner skill bases and the revised 
CoLeCTTE framework 
Metacognition was one of the elements that was investigated and explored 
in this study.  In terms of metacognition, Cases 1 and 2 showed similar results for 
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both explicit and non-explicit (implicit) metacognition within the proposed 
CoLeCTTE framework.  So unless otherwise stated, metacognition will refer to both 
types in this discussion.   
As discussed in Key Point 4 for Cases 1 and 2 (see page 286), the findings 
indicated that the more frequent critical thinking statements made, the more likely 
that metacognitive statements are made.  On the other hand, the findings were 
inconclusive between the results of Cases 1 and 2 on whether participants or learners 
with a higher within-group CTR and eductive ability showed more metacognitive 
behaviour.  This is depicted by the up arrow and dashed balancing platform.  Deep 
Achieving Approach to learning does not differentiate explicit metacognitive 
behaviour, although Deep Approach learners especially when accompanied by a high 
Achieving Motive learning approach, will do so.  This means that deep learners who 
have a strong Achieving Motive approach to learning will have better quality critical 
thinking behaviour but is not necessarily true when accompanied by a Deep 
Achieving Approach to learning.  
Cases 1, 2 and 3 show overall evidence of metacognitive statements that 
demonstrate evidence of explicit metacognition, namely: organising steps needed 
and prediction of what is likely to happen (SP – metacognitive skills in planning), 
being able to identify, decipher and interpret correctly the feeling and thoughts 
connected with a given aspect of the task (SSA - skill of self-awareness), showing an 
awareness of one's approach to a cognitive task (KT – knowledge of the task), and 
awareness, appraisal or verification of one's knowledge and skills, and efficacy of a 
chosen strategy (SE - skill of evaluation, 8 combined frequency). 
Within the revised CoLeCTTE framework, participants in Case 3 that made 
more frequent critical thinking statements were more likely to show metacognitive 
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behaviour, as with Cases 1 and 2.  However, Case 3 was different in that 
participants’ eductive ability, Deep Achieving Approach to learning and CTR did not 
differentiate explicit and non-explicit (implicit) metacognitive behaviour, nor did a 
higher Achieving Motive learning approach influence for a higher metacognition 
scores (see Key Point 5 in Table 6.7).  This is depicted by the solid balanced 
platform created by CoLeCTTE.  However, Deep learners (especially with high 
Achieving Motive and Deep Achieving Approach scores in their learning approach 
profile) appeared to demonstrate higher metacognitive behaviour.  This is depicted 
by the up arrow and dashed balancing platform.   
One can infer from these findings that within the revised CoLeCTTE, the 
framework and design elements applied in this group did not impact significantly to 
support or enhance explicit and non-explicit/implicit metacognitive behaviour.  As 
previously mentioned, this implies that metacognition is perhaps a natural 
behaviour of Deep learners and intervention serves to enhance their metacognitive 
behaviour while for other non-deep learners, further direct intervention and 
strategies may be needed to elicit metacognition.  This indicates that within the 
revised CoLeCTTE framework, Deep learners and those who make frequent CT 
statements, will most likely exhibit more metacognitive behaviours. 
7.3.1.5 Theoretical discussion 
The findings on CT frequency, CTR and metacognition in this study, as 
discussed above, require corroboration by alignment with theory.  When Achieving 
Motive (motivation) is viewed as an affective disposition as in this study, it was seen 
to influence critical thinking behaviour.  This proposition supports the findings of a 
relationship between specific components of CT affective disposition (a set of habits 
   
CHAPTER 7 Discussion  295 
of mind) and specific learning or thinking styles across different countries (An & 
Yoo, 2008; Colucciello, 1999; Mahmoud, 2012; Stewart & Dempsey, 2001).  These 
studies used the California Critical Thinking Disposition (CCTD) and Learning Style 
Inventory (LSI) measuring instruments.  One study (Besoluk & Onder, 2010) can be 
found using two-factor SPQ of Biggs (2001) on teacher candidates in Turkey and 
showed that high scores on critical thinking disposition are associated with those 
who adopt Deep Approaches to learning.  Mistler-Jackson’s (2000) mixed method 
study on high, moderate and low motivation learners confirms that the lowest 
achieving group who showed lack of coherence and accuracy of their knowledge 
improved in the indicators for increased self-efficacy (e.g., time spent on task) 
through an inquiry based approach to learning.  Studies conducted over almost two 
decades have found a correlation between critical thinking disposition and critical 
thinking skills development (Giancarlo & Facione, 1994; Facione & Facione, 1997; 
Rimiene, 2002).  Gelven and Stewart (2001) established an average positive 
correlation of 0.41 between students' self-appraisal for problem solving and critical 
thinking skills based on a Pearson product-moment calculation of post-test scores.  
Although Deep Approaches to learning have been found to be associated with 
positive learning outcomes, Gadzella, Ginther and Bryant (1997) had established a 
direct correlation between deep-processing learning, critical thinking skills and 
achievement.  Their study used statistical predictive measures and discriminant 
analysis based on students responses to the Inventory of Learning Processes and 
Watson-Glaser Critical Thinking Appraisal.   
While the studies described are largely experimental in nature, they provide 
explanation of the causal mechanisms underlying the results in the study conducted 
by the researcher which has used a non-experimental approach.  The consistent 
   
CHAPTER 7 Discussion  296 
observations in Cases 1 and 2 indicated the effect of learning approaches on critical 
thinking to be a function of the individual mix of students’ motivation and strategy 
scales and subscales, that is, their individual characteristic profile.   
Case 3 further confirmed the results from Cases 1 and 2 when a revision to 
the CoLeCTTE framework was used for the Applied Thermodynamics class.  This 
was done by providing an environment which considered the predisposing factors 
identified in Cases 2 and 3, and removed or reduced factors that would impede 
students from engaging critically; it applied positive reinforcement strategies through 
explicit intervention to facilitate collaboration.  In Case 3, by reducing the factors 
that negatively influence critical thinking engagement, learners performed more 
critically within the CoLeCTTE framework; individual skill bases did not create 
significant differentiation; indeed, course/activity design, participant, technology and 
environmental elements of the framework were supportive of facilitating critical 
thinking amongst learners with different learning approaches.   
In addition, further predicating factors were identified and included: 
benefits of the technology to the group task; elimination of technological novelty; 
and implementing strategies to ensure that technology did not conflict with a 
member undertaking a leadership role.  In terms of design considerations to support 
effective learning and critical thinking in group work, Case 3 participants noted 
differences in learning styles in terms of how they can enhance group learning so 
that members can discuss and share learning; balancing technology integration 
against the duration of the course; and designing the degree of intervention to allow 
unique member contributions to tasks. 
Overall, deep learning and critical thinking within a technology-enabled 
collaborative environment would depend on the extent to which the instructional 
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design is supportive of optimising the learning experience.  In other words, by setting 
up a learning environment that reduces the constraints to engage critically (e.g., 
cognitive load), one reduces the impact that predisposition to individual learning 
approaches and skill bases have towards critical thinking performance, especially 
for low achievers and surface approach learners.   
The corroborative studies (from the literature) supporting the findings in 
this study have generally been based on investigating critical thinking as a complete 
construct.  What this study has attempted to do is delve more deeply into participant 
perceptions of their learning and the actual critical thinking behaviour as externalised 
within their group setting.  Student experiences were interpreted, and critical 
thinking was deconstructed into measures of frequency (level of CT), ratio (quality 
of CT overall) and metacognition (explicit and non-explicit/implicit) so that insights 
were gained into how these domains can be better targeted for improvements to 
learning and teaching.  The results of Case 3 provided confirmation of this to a large 
degree, as well, it offered further indications for final revisions and refinements to 
the CoLeCTTE framework as presented in Section 7.4.  First, the discussions to 
Research Questions 1 and 2 are presented below. 
7.3.2 Research question 2: Technology influence on critical thinking 
performance 
Research Question 2 sought to answer, “Do learning technologies influence 
the acquisition of deep learning and critical thinking within the proposed CoLeCTTE 
framework? If so, how?”  It aimed to test the proposition that integration of learning 
technologies will influence deep learning and critical thinking within the proposed 
CoLeCTTE framework.   
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7.3.2.1 Influence of technology on critical thinking performance 
Key Point 5 – influence of technology, in the summary of findings for 
Cases 1 and 2 (Table 4.8 and Table 5.7), indicated that technological self-efficacy 
does not seem to influence the CTR or critical thinking performance during group 
work in a technology-enabled learning environment.  For Cases 1, 2 and 3, 
technological self-efficacy itself showed no relationship with the level of critical 
thinking performance in participants that came from technology-specialised 
disciplines.  Cases 2 and 3 in particular, indicated that technological self-efficacy 
alone will not determine how learners will behave in a group and in a technology-
enabled environment.   
7.3.2.2 How critical thinking performance is influenced by technology in the 
proposed and revised CoLeCTTE framework 
The statements above need to be qualified by referring to the study 
conducted by Saadé and Kira (2009) who showed that computer self-efficacy had a 
strong relationship with perceived ease of use (PEU) and computer anxiety so that it 
could act as a mediator to reduce the effects of negative PEU.  Computer anxiety 
refers to the strong, negative emotional states that arise not only during interaction 
but even before, with the idea of having to interact with technology, while Davis in 
Saadé and Kira (2009) defined PEU as the degree to which the student expects the 
technology to be free from cognitive effort.  The implications of the findings in this 
study suggests that technology implementation should consider ways to reduce the 
anxieties towards technology use during performance of learning tasks as stipulated 
in the predicating factors described in Sections 5.4.2 and 6.4.2 and summarised in 
Table 5.7 (Case 5) and Table 6.7 (Case 6).  Sweller, Ayres and Kalyuga (2011) 
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prescribe that instructional design should aim to reduce extraneous cognitive load 
caused by insufficient working memory for non-germane resources (learning 
relevant resources), thus increasing working memory for germane resources.  The 
revised CoLeCTTE framework proposed the need to scaffold the learning of the 
technology during the define, design and development, and activate and initiation 
events, in order to reduce cognitive load.  This aligns with Salmon’s (2004) five-
stage model for effective learning or training with ICTs.  Stage One involves access 
and motivation as a prerequisite to effective e-learning by defining the provision of 
access and ensuring that learners or trainees have the ability to use the technology.  
The following stages of the model involves online socialisation, information giving 
and receiving, knowledge and construction and development.  Furthermore, Paas, 
Renkl and Sweller (2003) cited Gerjets and Scheiter who proposed an extension of 
cognitive load theory to include a consideration of moderating variables (e.g., learner 
goals, interaction between the teacher and learner, and a learner’s processing 
strategies used to accomplish their learning goals) as part of instructional design.  
Within the proposed CoLeCTTE framework (Case 2), a number of predicating 
factors during technology use were revealed to influence how learners will behave 
collaboratively and critically in a group (see Key Point 5 in Table 5.7).  These were 
experience and training, domination of stronger personalities, central storage utility 
in support of group task, and set-up to facilitate learning concepts and skills.  In 
particular, it was indicated that the need for experience and training was related to 
being able to extend the affordances of the technology as a tool for learning, 
however, this was mostly expressed by participants that had the highest CTRs.  
Providing students with experience and training should also be for a duration that 
would allow students to get over the “novelty” aspect of the technology especially 
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for students that may not be as confident with using a particular type of technology.  
This finding is not isolated to students belonging to the Net Generation since their 
technological self-efficacy will vary according to the type of technology provided to 
them and the individual proficiencies they may already have or lack off, with using 
it. 
Although collaboration is known to enhance critical thinking activity 
(Gokhale, 1995), the results indicate that high critical thinkers value the role of 
technology as a learning versus collaboration tool, that is, the learning value is in 
technology as a tool for acquisition of concepts.  The issue of control by stronger 
personalities was brought up mainly by participants who ranked on the lower end of 
the scale for CT frequency, ratio and frequency of explicit and non-explicit (implicit 
metacognition).  Technology as a utility tool or central storage facility was mainly 
seen from a convenience perspective and its usefulness was seen as a knowledge 
management tool.  Importantly, technology provided for an equitable and flexible 
learning tool in collaborative activities.  More importantly, technology should be set-
up to facilitate learning of concepts and skills which, in turn, will influence how 
learners will behave collaboratively and critically in a group.  The implication 
underlying these results would be consideration for how technologies, including 
institution-wide systems, are integrated into group learning tasks.  Important to this 
integration process are consideration of both the collaborative approach and type of 
technology to be used.  These comments are interesting when considering studies 
that show students view technology as supplemental rather than transformational to 
their learning as in the ECAR study (Kvavik & Caruso, 2005).  When the meaning 
making aspect of transformative learning is considered, that is, “the process of 
making a new or revised interpretation of the meaning of an experience, which 
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guides subsequent understanding, appreciation and action” (Mezirow, 1997), this 
characterises the statements made by the participants in Section 5.4.2 contrary to that 
described by the ECAR study. 
Case 3, which used the revised CoLeCTTE framework, elicited additional 
predicating or influencing factors (see Key Point 6 in Table 6.7) from participants 
with well below average Achieving Motive: careful consideration of the benefits of 
the technology to the group task; elimination of technological novelty; and 
implementing strategies to ensure that technology does not conflict with a member 
undertaking a leadership role.  Careful consideration of the benefits of the 
technology to the group task referred to the emotional and mental space needed to 
deal with the technology, an aspect that aligned with the cognitive overload and 
stress that novel technology might bring into the learning dynamics.  This was 
expressed by a participant that was not confident at all with Synchronous and 
Asynchronous II type technologies, despite having the highest CTR in the group.  
This can be further qualified by noting that when new technology is introduced so 
that it can become a hindrance by students having to spend time on dealing with 
learning the technology, a view shared by a technologically confident participant.  
The suggestions from participants reinforce the notion that technologies should not 
function as disruptive agents, rather have students and consideration of their learning 
approach be at the centre of instruction; a proposition made by Sharples and 
colleagues (Sharples, Corlett, & Westmancott, 2002; Sharples, 2003) and previously 
discussed in Section 2.3.2 (p. 30).  Additionally, leadership was seen as a control 
mechanism for group work and could conflict with the leader taking ownership of 
driving the technology.  Conversely, a participant that had a high technological self-
efficacy did not see it as an issue.   
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Although most participants in Cases 1, 2 and 3 expressed their confidence 
with the use of all technology types, the results indicate that more careful 
consideration should be given when integrating technologies that require 
synchronous and asynchronous communication systems (Synchronous Interaction 
and Asynchronous Interaction II type technologies) into course design.  These are 
newer technologies and communication tools less commonly used by students even 
if the literature has indicated considerable growth in this area.  One can infer from 
the results that a particular learning approach may be affected by how technology is 
integrated and used in group learning tasks.  Redirecting the technology efforts to 
prevent cognitive overload needs to be considered in course design and 
implementation.   
These considerations include: clarifying group roles and distributing tasks 
to allow workload to be equitably shared; and using strategies and systems such as 
new activities to allow students to acquire new technology skills (Kennedy, et al., 
2009) to reduce the technological overload and allow efforts to focus on the learning 
task.  These support the study of Graff (2003) who showed how segmenting content 
in web-based instructional systems affected imager and analyst learning performance 
by extending the proposition to consider type of technology and motivational 
predisposition.  The predicating factors stemming from the behavioural and 
perceptual feedback have highlighted the value of technology as tools for learning.  
So it is not the technology per se but the conceptual mental models that develop in 
participants, and the ensuing discussions, which helped them learn key concepts and 
skills and facilitate common understanding in the group.  Students have expectations 
that technology is used by professors to better communicate expert knowledge; they 
use technology to better collaborate with peers; and use their experience, own 
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memory, and their base knowledge to learn new programs (McNeely, 2005; Roberts, 
2005).  Specifically, learning was acquired because the technology was a vehicle 
used to collect and share thoughts and ideas; clarify task, theories and concepts, and 
reinforce and deepen understanding; provide a central working environment to 
determine and revise outcomes of the task; provide greater focus for the group, 
increase efficiency and keep track of thought processes; and represent theory in a 
dynamic and visual form.   
So in answer to the research question of whether learning technologies 
influence the acquisition of deep learning and critical thinking within a technology-
enabled collaborative environment, it would depend on integrating the factors above 
into the design of the group task to support collaborative discourse and interaction, 
and use technology as a vehicle to support the key learning behaviours outlined 
above, thereby facilitating higher orders of thinking. 
7.3.3 Research question 3: Conditions for course design to facilitate deep 
learning and CT in group work 
Research Question 3 sought to answer, “How might learning be designed to 
facilitate the acquisition of deep learning and critical thinking within a technology-
enabled collaborative environment?”  It aimed to test the proposition that the 
CoLeCTTE framework may be used to design individual and collaborative/group-
based activities to support students’ deep learning and critical thinking within 
contextualised and goal-oriented tasks. 
The results that were drawn from investigations conducted in Case 2 and 3 
revealed the following improvements to the CoLeCTTE framework (see Key Points 
6 and 7 in Table 5.7 and Table 6.7, respectively): ensuring that conditions are 
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supportive of allowing differences in learning approaches to support group 
interaction and contribution; scaffolding learning of the technology to reduce 
cognitive load and frustration; ensuring that the activity educes critical thinking, that 
is, it provides a challenge to learners to allow them to think more in-depth and 
critically; timing and scheduling should allow for learning and skills acquisition to 
be effective long-term; and learning tools should be provided to reduce cognitive 
load.  These are further discussed below. 
A closer look at Case 2 participant contributions revealed that the notion of 
differences in learning approach was about making such differences work for the 
group and deriving the advantages that collective knowledge and know-how could 
benefit the group objective.  Importantly, the value of communication and collective 
input was expressed by participants that had the lowest CTRs overall and were “low 
need achievers”.  On the other hand, participants with high CTRs expressed the view 
that the value of differences in learning approach should not be at the expense of 
self-satisfaction or be taken at face value, but rather on the true contributions to the 
collective knowledge and goal achievement.  Case 3, in particular, highlighted that 
differences in learning styles or approaches did not affect group outcome but instead, 
strategically balanced group configuration so that members can discuss and share 
learning.  So establishing opportunities for collective knowledge, of actively 
exchanging ideas for shared conceptions within a balanced group architecture as 
proposed by Roschelle and Teasley (1995, p. 70), Watters and Ginns (2000), Boud 
and Cohen (2002) and Dillenbourg and Hong (2008) are supported in this study, 
more so for lower CT students.  This could be attributed to realising the benefits 
derived from knowledge sharing by the group and the resulting collective reward 
associated with the assessed group activity.  It could be argued that the focus on 
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“learning” as opposed to “collaboration” posited by Dillenbourg (1999) is evident in 
participant statements in this study where the group activity or environment became 
a situation which triggered learning mechanisms, particularly in Case 3. 
The lack of scaffolding to support learners acquiring skills to use the 
technology before being given a conceptual learning task is reflected in the 
comments by participants who had the highest CTR and are Deep learners.  The 
strong suggestion of a need for more practice with using technology was based on 
the important role of technology to facilitate conceptual learning, and then use 
exercises or assignments to verify self and group learning.  This arises from the 
characteristic predisposition that Deep learners in the engineering field have for 
meaning making, conceptual focus and active learning (Houghton, 2004) and ties in 
with ECAR’s recommendation on the need to embed learning of new technology 
skills into course design (Kennedy, et al., 2009) as previously mentioned.  It was felt 
that the presumption or expectation that technology can be easily applied in practice 
or in group work was to be a disservice to students because it can cause a degree of 
stress.  This aligns with the comments on Section 7.3.2 (p. 286) about the need for 
careful consideration of the emotional and mental space needed to deal with the 
technology.  The generational aspect of learning and using technology was also seen 
to come into play, making it a learning barrier.  It is generally expected that younger 
upcoming learners, who would have grown up with technology embedded in 
everything that they do, will be less likely to require as much training as older 
generations.  So that the nature of support to be given to generational learners will 
need to be carefully considered. 
Improving the design of the course and activities to educe or elicit critical 
thinking and facilitate better learning outcomes was highlighted in Cases 1 and 2.  
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The suggestion to include more depth and structure in the course and topics came 
mainly from participants that had a Deep Approach learning profile.  Designing tasks 
with a degree of complexity could educe critical thinking is in line with other 
proponents (Bennett, Harper, & Hedberg, 2001; Herrington, Oliver, & Reeves, 2003) 
as discussed on Section 3.3.2.1 (p. 73).  In particular, tasks should be designed more 
explicitly to draw out the critical thinking behaviours to be learnt.  However, in 
doing so, greater structure in terms of how to approach the task would be beneficial 
through a group strategic approach or through guided instruction for “low need 
achievers”. 
Participants’ comments on improving the timing of the course was related 
to allowing more time to practice using the technology.  Comments were similar for 
Cases 2 and 3.  These comments came mainly from participants that were not 
confident in using Synchronous and Asynchronous II technologies.  Deep leaners 
and Deep Achieving learners tended to expect greater depth of learning to be 
achieved while “low need achievers” were more accepting of the “current state of 
affairs” or design of course as provided.  A Case 3 participant particularly noted that 
the value of integration of technology should be balanced against the efforts required 
to resolve technological issues or preparation which full-time students may have 
more time to deal with.   
The suggestion to have learning tools and job aids as products for an 
activity aligns with having the most frequent metacognitive (explicit and non-explicit 
or implicit) statements, mainly an awareness of one's approach to a cognitive task 
(KT – knowledge of the task), strategies used to reach an objective and assess one’s 
progress (KS – knowledge of strategies) and ability to identify, decipher and 
interpret correctly the feeling and thoughts connected with a given aspect of the task 
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(SSA – skill of self-awareness) and value of one's ideas or way of going about a task 
(SE – skill of evaluation).  Indeed, the suggestion may have been an externalisation 
of control processes through the student’s declarative knowledge about the 
interactions between person, task, and strategy (Veenman, Van Hout-Wolters, & 
Afflerbach, 2006).  The intentionality of the suggestion is also indicative of the 
strategic component of metacognition coming into play which could be considered in 
course design. 
Improving the room and technology set-up, and getting cut-down versions 
of the software package were highlighted in the interviews.  The suggestions related 
to the physical environment were offered mainly by surface-oriented learners which 
are more about fulfilling an immediate need.  This is compared to the suggestions 
made by deep-oriented learners whose suggestions were centred on long-term 
benefits and how these impact their learning experience. 
Finally, group guidance in engaging with the technology included provision 
of learning aids, guidance in the way groups use the technology, and considerations 
for defining group configuration.  These were mainly expressed by Case 2 
participants that expressed little or no confidence with Synchronous Interaction and 
Asynchronous Interaction II types of technologies.  More importantly, however, they 
were mainly participants that showed low CT frequency, ratio, and metacognitive 
frequencies (explicit and non-explicit/implicit) within their own groups.  The 
suggestion by Case 2 participants to reduce group numbers to force group members 
into a situation of forced participation is somewhat contradictory to their previous 
suggestion of acquiring group consensus on approaching the task in order to 
maximise their learning.  This can perhaps be clarified through a comment in Case 3 
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which proposed that a degree of intervention in the collaborative interaction and 
design of the group activity to allow unique member contributions to tasks. 
So in answer to the research question of how learning should be designed to 
facilitate the acquisition of deep learning and critical thinking within a technology-
enabled collaborative environment, it is clear that the factors and suggestions 
provided in this study should be considered.  A final version of the CoLeCTTE 
framework is presented in the next section. 
7.4 Final CoLeCTTE framework 
The discussion has highlighted a number of key points relevant to making 
the CoLeCTTE framework effective in supporting deep learning and critical 
thinking.   
In Section 5.6 and the revised CoLeCTTE framework (Figure 5.13, p. 218), 
the ‘theatre’ metaphor was used as the explanatory device or mechanism for how the 
events (activities), entities and structures (learner skill bases, collaboration and 
technology) relate to each other, incorporating the powers and liabilities (influencing 
factors) and causal mechanisms (based on theoretical propositions) to support the 
outcome (final CoLeCTTE framework).  The final framework is shown in Figure 
7.2.   
In Cases 2 and 3, conditions and predisposing factors to be considered 
during course design were identified.  Specifically, the impact of high Achieving 
Motive on improving the level and quality of CT performance and behaviour has 
been made evident in this study.  This necessitates a further explanation of the 
changes made to the underpinning principles and elements within the events of the 
final CoLeCTTE framework.   
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Figure 7.2. Final CoLeCTTE framework. 
The define, design and develop event  within the teacher performance area  
is modified to include the development of motivational strategies (1) (e.g., reflective 
journal, inviting guest speakers from industry to talk about the relevance of an 
activity in business).  As important, is the development of CT strategies or schemas 
into the task design (2), as an essential part of the macro-scripting for the overall 
group activity (Dillenbourg, 2002; Dillenbourg & Hong, 2008).   
During the activate and initiate event , motivation (3) is implemented as 
part of the identification of the individual/group objectives and outcomes so that this 
can form part of performance of CT tasks and skills within the learner-teacher-
learner performance area .  This extends the teacher’s role to facilitating individual 
and group engagement towards fostering CT interactions and maintaining learning 
1 2 3 4 
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motivation (4) during completion of CT tasks during the task performance event .  
This becomes a valuable aspect of the socio-cognitive interplay between learners and 
teachers through the process of collaborative critical inquiry and discourse.  The aim 
is to have the emotional-motivational, person-situation and cognitivistic interplay 
affect learner performance in the shorter- rather than the long-term.  The discourse 
between the learner actor and teacher/facilitator (as learning experience conductors) 
takes on a more purposive direction, ensuring all the learner actors on the learning 
stage engage meaningfully in critical dialogue and individual/group goals (motives 
and outcomes) are achieved through the monitoring, control and feedback process.   
What appears to be coming through in terms of the activity system (as 
discussed in Section 2.5.2) within the CoLeCTTE framework is that the subject-
object-community and the outer triangle of tool-rules-division of labour interactions 
would need to be more explicit in terms of the outcomes desired (i.e., critical 
thinking).  Moreover, the results of this study indicate that the within-group 
interactions should involve definition of individual/group goal-orientation and 
motivations.   
In Figure 2.7 in Section 2.5.2, the interactions between self-referencing and 
social construction in groups is further clarified in light of the revisions above.  Self-
reflection which was described as learners referencing back to what they know 
during the process of goal and/or problem identification (self-referencing) should be 
preceded by reflecting on motives and relevance of the task.  This allows 
identification and clarification of the problem or goal to include declarative 
reflection on what individual members hope to achieve.  So mental modelling, 
previously described as being externalised through knowledge sharing (co-
construction) can trigger the cognitive and activity processes of critical thinking and 
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metacognition.  The points of self and group referencing to the problem at hand, 
initiated by a recognition of individual and group motives, provide an avenue where 
metacognition can be facilitated.  Additionally, designing scripts into the 
collaborative activity and tasks during the teacher performance event should aim to 
trigger critical discourse (see Figure 7.3).   
 
Figure 7.3. Self-referencing and social construction in groups within the final 
CoLeCTTE framework. 
Ideally, the level of critical discourse is also monitored by a human agent 
(i.e., group leader or moderator).  In this new interactive schema, the process of co-
construction requires more than minimal intervention on the part of the teacher, 
facilitating students within groups to, not only actively engage in deriving their own 
solutions, but ensuring that collaborative critical discourse is indeed taking place.  
Once again, this highlights the value of collaborative scripts, whilst ensuring that the 
risks of overscripting are minimised (Dillenbourg, 2002).  Group monitoring, 
therefore includes ensuring that critical exchange and motivations are maintained 
self-referencing 
(self-reflection) 
task 
performance 
identification/ 
clarification 
solution 
formation/goal 
completion 
co-construction 
(critical 
discourse) 
group 
monitoring 
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throughout the activity performance and towards individual and group goal 
completion during the delivery or outcomes event.   
In terms of the predisposing factors and conditions necessary to establish a 
conducive environment for critical thinking performance and deep learning, these 
can be constructed as a set of guidelines attached to the CoLeCTTE framework.  It is 
underpinned by the principle of aiming to reduce the constraints to engaging 
critically (e.g., cognitive load), and the impact of predisposition to individual 
learning approaches and skill bases. These guidelines are divided into two 
categories: 1) technology and tools, and 2) activity design, monitoring, control and 
feedback.  These guidelines should be considered when using the CoLeCTTE 
framework in learning and teaching practice (see Table 7.1).  It is important to note 
that the learner and teacher actions to be performed under the teacher performance 
area and  learner-teacher-learner performance area are subsumed in the technology 
and activity design categories.   
Table 7.1 
CoLeCTTE Guidelines 
Category Requirements 
Technology 
and tools 
1. Eliminate technological novelty by ensuring all group members have 
enough experience and training in the new technology to use it as a 
learning tool. 
 
2. Provide guidance to group members in using the technology equitably 
and share task responsibilities. 
 
3. Provide for a central storage utility or system to support the group 
tasks (i.e. collection and storage of files for revision). 
 
4. Set up the technology to facilitate learning behaviours in the group 
such as: 
 Collecting and sharing thoughts and ideas 
 
 Clarifying task/s, theories and concepts to reinforce and deepen 
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Category Requirements 
understanding 
 Using the central working environment to determine and revise 
outcomes of the task 
 Keeping track of thought processes so greater focus for the group 
and increased efficiency can be attained 
 Representing theory in a dynamic and visual form to allow 
development of mental models of theoretical concepts 
 
5. Carefully consider the benefits of the technology to the group task by 
balancing technology integration against the duration of the course, 
and implementation of collaboration and learning strategies. 
 
6. Implement strategies to ensure that technology does not conflict with a 
member undertaking a leadership role (e.g., members alternating as 
scribes, leaders or moderators). 
 
7. Employ scaffolding techniques for learning the technology to reduce 
cognitive load and frustration. 
 
8. Provide guidance in engaging with the technology by: 
 Providing learning aids and instruction for using the technology 
for collaborating 
 Consider group configuration around the technology (i.e., 
experience and balance of personalities) 
 
9. Learning tools to be provided to reduce cognitive load. 
 
10. Ensuring that the physical learning environment (i.e., room and 
technology set-up, getting cut-down versions of the software package) 
is conducive to optimising the learning experience. 
 
 
 
Activity 
design, 
monitoring, 
control and 
feedback 
1. Make sure that learning differences have the least impact on the pace 
and dynamics of the group work by considering the following 
conditions: 
 Take steps to make differences in learning approaches and 
personalities work for the group by considering how similarities or 
differences in learning approaches can enhance group learning so 
that members can discuss and share learning. 
 Establish ways to ensure good communication amongst group 
members and to ensure collective input into the task. 
 Ensure that group members achieve a sense of self-satisfaction in 
the group work. 
 Since surface learners and “low need achievers” are often 
unknown, teachers should employ strategies to balance 
contributions in the group and reduce domination of stronger 
personalities, deep learners or those with high CTRs. 
 
2. Ensure that the activity design educes critical thinking, that is, it 
provides the challenge to learners to allow them to think more in-depth 
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Category Requirements 
and critically by: 
 employing strategies to encourage and elicit critical thinking (e.g., 
use scripting, inquiry-based approach); 
 using strategies to increase learning motivation and self-efficacy; 
 ensuring depth and structure in the course and topics; and  
 including tasks requiring students to produce learning artefacts 
that serve as learning tools or job aids 
 
3. Control, monitoring and feedback techniques to trigger learning and 
critical thinking should be the focus as opposed to collaboration 
interaction alone (e.g., argumentation, reflection). 
 
4. Timing and schedule should allow for learning and skills acquisition 
to be effective long-term. 
 
5. Design the group activity to allow members to make unique 
contributions to tasks. 
 
6. Incorporate learning strategies to reduce cognitive load on learning. 
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CHAPTER 8. Conclusion and Recommendations 
8.1 Overview of chapter 
This study aimed to develop a framework to guide the purposeful and 
judicious use of learning technologies, specifically to identify the constraints and 
affordances that facilitate critical thinking in collaborative and technology-enhanced 
learning environments.  The reader is reminded that the focus of this study was to 
determine the nature of critical thinking behaviour in these environments rather than 
on collaborative learning specifically.  Critical thinking was investigated to 
determine its relationship with and how it is influenced by: 1) differences in 
students/learners general cognitive ability (eductive ability), their technological self-
efficacy, their approaches to learning, and motivation; and 2) learning technologies.  
The proposed and revised CoLeCTTE (Collaborative Learning and Critical 
Thinking in Technology-enhanced Environments) designed frameworks were tested 
to arrive at a final version as described in Section 7.4.  Importantly, the study showed 
how using the CoLeCTTE as a framework for instructional design, can be used 
effectively to facilitate critical thinking.  
Chapter 2 offered a synthesis and analysis of the existing research literature 
related to collaborative learning and technology, cognition and metacognition 
(critical thinking), eductive ability, learning approach and motivation, technological 
self-efficacy, complex tasks and contextualisation, and activity theory.  Chapter 2 
provided the theoretical framework that described the interrelationships and 
dependencies of these constructs.  The discussions were funnelled into a design 
construct and presented as the proposed CoLeCTTE framework.  Chapter 3 
presented the methodology and associated methods applied in the conduct of the 
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research.  This included the development of a critical thinking coding and analytical 
tool, and a description of the mixed method research used in this study.  Chapters 4, 
5 and 6 provided the findings and analyses of Cases 1, 2 and 3, respectively.  
Chapter 4 used the proposed framework on Case 1 which revealed the need to 
conduct further qualitative analysis to consider the factors that might influence CT 
performance.  Chapter 5 continued to use the proposed framework on Case 2 which 
revealed a number of predisposing factors and conditions that need to be considered 
in activity design.  Chapter 5 also determined what needed to be revised in the 
framework and confirmed the results of Case 1.  The CoLeCTTE framework was 
revised resulting from the findings of Cases 1 and 2 and applied in Case 3.  As 
discussed in Section 5.6, revisions were made to accommodate the conditions and 
predisposing factors that would enhance support for critical performance.  The 
activity design, technology environment, teacher performance and learner-to-learner 
performance areas were redefined and functions within their areas re-scoped.  
Chapter 6 used the revised framework on Case 3 which provided further insights into 
group, environment, technology and activity design influences.  Chapter 7 provided a 
whole-of-study discussion based on the key points which outlined the findings of 
Cases 1, 2 and 3, including how critical thinking performance was influenced by the 
learner skill bases of eductive ability, learning approach and motivation, 
technological self-efficacy, and technology.  Following the discussion of the 
instructional design considerations needed to facilitate critical thinking performance, 
the final CoLeCTTE framework and guidelines were also discussed.   
This research sought to investigate the skill of critical thinking and its 
relationship to eductive ability, learning approach and motivation, technological self-
efficacy and motivation within collaborative activities and technology environments, 
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and to test the CoLeCTTE framework through three cases.  Taken together, the 
analysis prompted a number of conclusions in response to the research questions. 
8.2 Summary of conclusions 
This section provides a summary of the conclusions reached in response to 
the research questions posed in this study.  The reader is reminded that Cases 1 and 2 
used the proposed CoLeCTTE framework, while Case 3 used the revised version of 
the framework before this was finalised and presented in Section 7.4.  Critical 
thinking frequency and ratio (CTR) were determined from video transcripts which 
were coded and analysed for triangulation with the interview and observational data. 
8.2.1 Research question 1: Learner skill bases and critical thinking  
Research Question 1 sought to answer, Do learner skill bases (learning 
approach and eductive ability) influence critical thinking within the proposed 
CoLeCTTE framework? If so, how?  The relationship between eductive ability, 
learning approach and motivation, and critical frequency and CTR were explored, 
discussed and summarised as Key Points 1, 2, 3, 4 (see Table 4.8 of Case 1 and 
Table 5.7 of Case 2) and 5 (see Table 6.7 of Case 3) in Section 7.3.1.  Five key 
findings emerged: 1) A Deep Approach, particularly a high Deep Strategy, and 
Achieving Motive have a positive influence on the level and quality of critical 
thinking performance overall, across all types of learner profiles.  In this study, 
frequent critical thinking participation was seen amongst those with high Achieving 
Motive in their learning profile (even if Surface Approach subscales are dominant or 
if Deep subscales are below average), thus, the conclusion that providing schemas or 
encouraging learners to contribute critically will most likely improve critical 
performance, especially in the area of higher order critical thinking skills; 2) 
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Although metacognition was observed as a natural behaviour of Deep learners, direct 
intervention and strategies will be needed to elicit critical thinking amongst non-
Deep learners.  Explicit intervention through targeted strategies to improve 
participant motivations to learning was not employed in this study.  Rather, 
motivation was presumed to be inherent because activities were authentic and 
contextualised to the participants’ discipline.  It raises the question, therefore, of 
whether authenticity and context are sufficient motivators for active engagement; 3) 
Eductive ability and an overall Deep Achieving Approach were not strongly related 
to critical thinking.  They did not strongly affect critical thinking behaviours, unless 
students were already predominantly Deep learners; 4) Other factors that can 
adversely affect critical thinking performance include poor learning skills, 
frustration, stress and poor self-confidence, or when other priorities such as work 
override the priority to learn; and 5) During group work, role and task can detract 
from and influence CT behaviour. 
8.2.2 Research question 2: Technology influence on critical thinking 
performance 
Research Question 2 sought to answer, Do learning technologies influence 
the acquisition of deep learning and critical thinking within the proposed CoLeCTTE 
framework? If so, how?  The influence of technology on critical thinking 
performance was explored, discussed and summarised as Key Points 5 (see Table 
4.8 of Case 1 and Table 5.7 of Case 2) and 6 (see Table 6.7 of Case 3) in Section 
7.3.1.  Individual measures of technological self-efficacy were analysed in relation to 
participants’ critical thinking for Cases 1, 2 and 3.  In addition, responses to semi-
structured interviews in Cases 2 and 3 were also analysed to determine the 
   
CHAPTER 8 Conclusion and Recommendations  319 
predicating technology factors that might impact critical thinking performance.  It 
was found that technological self-efficacy did not seem to influence the CTR or 
critical thinking performance during group work in a technology-enabled learning 
environment.  Technological self-efficacy alone will not determine how learners will 
behave in a group and in a technology-enabled environment.  What is important is 
for careful consideration be given to integrating technologies that require 
synchronous and asynchronous communication systems (Synchronous Interaction 
and Asynchronous Interaction II type technologies).  The principle underlying these 
considerations is based on reducing the constraints to engaging critically (e.g., 
cognitive load).  It is not the technology per se but the conceptual mental models that 
are developed in participants, facilitating discussions which help them learn key 
concepts and skills, and establish common understanding in the group.  This study 
concludes that the influence of learning technologies on the acquisition of deep 
learning and critical thinking within a technology-enabled collaborative 
environment, would depend on considering the set up and integration of technology 
and other tools into the learning task.  The technology and tool-related 
considerations are provided in Table 7.1 as part of a set of CoLeCTTE guidelines to 
help teachers and designers set up an environment which will support collaborative 
discourse and interaction, and use technology as a vehicle to support the key learning 
behaviours, thereby facilitating higher orders of thinking.   
8.2.3 Research question 3: Conditions for course design to facilitate deep 
learning and CT in group work 
Research Question 3 sought to answer, How might learning be designed to 
facilitate the acquisition of deep learning and critical thinking within a technology-
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enabled collaborative environment?  Conditions needed in course design that would 
facilitate critical thinking performance were explored, discussed and summarised as 
Key Points 6 (see Table 5.7 of Case 2) and 7 (see Table 6.7 of Case 3) in Section 
7.3.1.  Case 2 and 3 participants’ responses to semi-structured interviews were 
analysed to determine the conditions that facilitated or would facilitate learning and 
critical thinking from the participants’ perspective.  The researcher’s observations 
and participants’ measures of eductive ability, learning approaches and motivation, 
and technological self-efficacy were also used to provide further insights into how 
the instructional design framework might be improved.  Design considerations were 
indicated: ensure that conditions are supportive of allowing differences in learning 
approaches to support group interaction and contribution; scaffold learning of the 
technology to reduce cognitive load and frustration; ensure that the activity educes 
critical thinking, that is, it provides a challenge to learners to allow them to think 
more in-depth and critically; timing and scheduling should allow for learning and 
skills acquisition to be effective long-term; and learning tools should be provided to 
reduce cognitive load.  Importantly, activity design should establish opportunities for 
collective knowledge, for learners to actively exchange ideas for shared conceptions 
within a balanced group architecture.  More explicitly, activities should be able to 
draw out the critical thinking behaviours to be learnt.  These design considerations 
were translated into activity design, monitoring, control and feedback factors that 
need to be considered in Table 7.1 as part of a set of CoLeCTTE guidelines.   
This study also found that the revised CoLeCTTE framework did not 
differentiate learners in terms of the frequency of their critical thinking behaviour, 
that it created an environment that did not hinder but supported individual learner’s 
overall ability to engage critically and collaboratively.  Exhibiting higher orders of 
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CT behaviour (in-depth clarification, inference, judgment and strategy formation) 
was not limited to learners with a particular learning profile or skill base, however, 
Deep learners and those who make frequent CT statements will most likely exhibit 
more metacognitive behaviours.  It should also be noted that even in the revised 
CoLeCTTE environment, group role and task can detract from and influence CT 
behaviour even if participants had high Deep Approach and Achieving Approach.   
Overall, the revised CoLeCTTE framework had the effect of facilitating 
critical thinking performance by reducing the effects on individual learner skill 
bases.  Setting up a learning environment that reduces the constraints to engage 
critically (e.g., cognitive load), one reduces the impact that predisposition to 
individual learning approaches and skill bases have on critical thinking performance, 
especially for low achievers and surface approach learners.  This can be achieved by 
integrating the guidelines in Table 7.1 into the design of the group task to support 
collaborative discourse and interaction, thereby facilitating higher orders of thinking.   
Therefore, this study concludes that learning experiences can be designed to 
facilitate the acquisition of deep learning and critical thinking within a technology-
enabled collaborative environment and that the CoLeCTTE framework, with its 
guidelines, creates an environment which can reduce the identifiable constraints that 
would impede learners from engaging critically.  It can be used as a primary schema 
for designing and developing collaborative activities  in technology-enhanced 
environments where critical thinking and deep learning are desired outcomes.   
8.3 Major contributions to the field of critical thinking and deep learning 
The conclusions derived from the in-depth investigations conducted in this 
study highlight three major contributions to the field of technology-enabled learning, 
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particularly, critical thinking and deep learning: methodological, research and 
academic.   
Methodologically, a new critical thinking coding tool, CT Coder, was 
designed by the researcher and developed for this study.  It can be used to transcribe 
and code group transactions (including contiguous and non-contiguous statements), 
an unlimited number of sessions, topics, participants, and coding classifications.  
Filtering, highlighting, classification of transcription lines according to defined 
topics, comments and annotations, offer the researcher a large degree of flexibility to 
generate reports on CTR and CT frequencies using user-defined queries and criteria.  
Importantly, reports can be printed or exported in a number of formats (i.e., 
.xlsx,.pdf, .xps, .docx, .html, .xml, and .snp) to allow for statistical application of 
data and other uses.   
In terms of this study’s contribution to the field of research, the socio-
cognitivistic perspective adopted in this study deviates from the largely experimental 
body of literature.  The conduct of this investigation was, by its very nature, complex 
due to the web of interlacing and interacting variables: socio-cognitivistic 
(collaboration, critical thinking, learning approaches, and eductive ability), 
environmental (technology); and emotional and value-laden (motivation and 
technological self-efficacy).  The investigative process used in this study offers an 
approach to mixed methods research.  The research established a theoretical 
framework and then progressively drew results, insights and interpretations from a 
number of data sources through descriptive, content and case study analyses.  This 
study adds to the body of knowledge that supports the theoretical proposition of 
Snow (1986) that learning aptitudes and their differences are a: 
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…function of the person-situation interaction, both in the instant and over 
the long haul…they are exhibited in consort as resultant strengths or 
weaknesses relative to present and past conditions… Fully articulated, 
studied, and applied, such a view would represent a true paradigm shift in 
educational theory, research, and practice. [p. 11] 
 
In this study, Renzulli and Dai (2001), Snow (1986, p. 11) and Sternberg’s 
(1999) proposition regarding the need to adopt a more holistic and socio-
constructivist approach to the study of cognition, and therefore critical thinking was 
undertaken (see pages 36 and 38).  This was achieved by establishing a relationship 
between critical thinking performance, activity and technology within the 
CoLeCTTE framework.  Other critical thinking research has been mostly based on 
investigating it as a single construct.  This study has attempted to go further by 
delving deeper into participants’ perceptions of their learning and their actual critical 
thinking behaviour by deconstructing critical thinking into measures of frequency 
(level of CT), ratio (quality of CT overall) and metacognition (explicit and non-
explicit/implicit).  This allowed further insights into how these can be better targeted 
to improve learning and teaching practice.  This study will add to the literature that 
has been lacking in evidence concerning the interrelationships between these 
domains which may clarify the debates regarding learning styles theory, intelligences 
theories such as the triarchic and holistic or cognitivistic-personal-perceptive 
(Sternberg & Grigorenko, 2001) and Gardner’s multiple intelligences (Gardner, 
1983; Woolfolk, 2004) models, particularly in the context of deep learning and 
critical thinking within technology-enabled and collaborative environments.   
Academically, the CoLeCTTE framework and guidelines can assist teacher 
practice and inform policy makers about how learning technologies might be 
integrated into classrooms.  CoLeCTTE  is the result of a better understanding of 
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how learning approach, eductive ability, technological self-efficacy and the 
associated constraints may influence critical thinking.  Particularly, the importance 
of achieving motive learning approach or motivation, explicit intervention and 
strategies, and consideration of influencing factors (poor learning skills, frustration, 
stress, poor self-confidence, other priorities overriding the priority to learn, and 
group work, role and task).  Another academic contribution is understanding that 
facilitating deep learning and critical thinking within a technology-enabled 
collaborative environment would depend on considering the set up and integration of 
technology and other tools into the learning task.  The principle underlying these 
considerations is based on reducing the constraints to engaging critically (e.g., 
cognitive load).   
8.4 Limitations of the study 
Two limitations are identified.  First, the conduct of this study was 
performed within the limitation of a purposive selection of participants.  Students 
from information technology and engineering disciplines were participants in this 
study, therefore, their characteristics formed the baseline data for analysis.  From a 
positivist perspective, the findings are generalisable to the theoretical propositions 
rather than to a universe or population of the participant sample (Yin, 2003).  On the 
other hand, findings are supported by a post-positivist perspective. 
Second, the learning technologies used in the study were selected based on 
their appropriateness for the design of the course activities or tasks.  Therefore, the 
type of technology chosen was purposeful and considered to be the appropriate tool 
for the specific activity or task in each case.  However, this necessarily excluded the 
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inclusion of other technologies and the use of the same technology across all three 
cases. 
8.5 Significance of the study 
This thesis started with the researcher’s own journey of critically 
questioning critical engagement during group work which led the researcher to delve 
deep into the socio-cognitive domains of the student groups that participated in this 
study.  During the period of this study, the problem of technology pervasiveness in 
the community and amongst university students has not diminished but rather, 
continued to grow with mobile, social networking and cloud computing 
(International Data Corporation, 2011; 2012).  Interactive technologies in the 
classroom or web-based technologies that bring together distributed learners are 
already commonplace, emphasising even more that the ubiquitous world is right 
here, right now and in the future to come. 
As universities continue to strive to provide the technological infrastructure 
to support the demand for communication and ICEs (Traudt, 2010), they must also 
look at the scope and depth of learning interactions that take place between learners.  
Teachers can observe the critical thinking performance of their students.  However, 
as this study has revealed, the potential to discriminate exists based on teacher 
perceptions of face-value performances exhibited by students which can be 
inequitable because their learning preferences or tendencies are not always known.  
More importantly, such perceptions can lead teachers to miss or misinterpret aspects 
of the learning interactions that need to be addressed, particularly in facilitating 
critical thinking and deep learning.  This is a difficult proposition to address 
especially when teachers do not have the time or the resources to conduct assessment 
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of their students’ learning approaches or critical thinking dispositions.  There was a 
need for the kind of research that could look at establishing a framework where 
critical thinking discourse could be educed from learners, through a collaborative 
and technology-enhanced environment, and importantly, within an authentic learning 
environment.  The premise and indeed, the outcome of this research was the 
CoLeCTTE framework.  By setting up a learning environment that reduces the 
constraints to engage critically (e.g., cognitive load), one reduces the impact that 
predisposition to individual learning approaches and skill bases have on critical 
thinking performance, especially for low achievers and surface approach learners.  
This environment is the final CoLeCTTE framework and its guidelines as presented 
in Section 7.4.  The findings of this study have provided evidence that within the 
CoLeCTTE framework, fewer differences in terms of critical thinking performance 
were evident among participants who had varying skill bases, therefore, indicating 
that it was effective in reducing the barriers to critical performance in collaborative 
and technology-enhanced learning.  It provided guidelines for increasing the level of 
orchestration from the traditional approach towards a more purposeful approach to 
educe critical thinking and deep learning in students. 
To further highlight the value of the CoLeCTTE framework, it has practical 
relevance for teachers around the world who are looking for guidance into how to 
best use learning technologies.  The findings from this thesis relate to discoveries 
that learners’ skill bases do influence their capabilities for critical thinking (p. 315), 
and when it comes to technology, it’s the task that matters (p. 316), and the 
CoLeCTTE framework can support and facilitate the acquisition of deep learning 
and critical thinking (p.319) within technology-enhanced learning environments.  
The CoLeCTTE framework adds to the knowledge base of elearning by having 
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explored its capacity to guide and inform teachers seeking to develop learners’ 
capabilities for critical thinking and deep learning.   
Furthermore, the results of this study may inform policy in relation to how 
technology is considered as part of infrastructure support for learning.  It will guide 
the design and implementation of learning technologies in the classroom to ensure 
that it is more equitable, and where the natural capabilities for deep learning, critical 
thinking and technology skills are not significant differentiating factors for how 
students will perform.  To this end, it is hoped that the study will inform the design, 
development and provision of learning and teaching programs that will purposefully 
support deep learning and critical thinking amongst individuals and collaborative 
groups.  Universities have a mission to provide the most effective learning and 
teaching that are relevant to real world practice and skills (i.e. lifelong/deep learning 
and critical thinking).  This study provides a framework that will assist teachers in 
operationalising this goal.  
8.6 Recommendations for further study  
The researcher’s reflective questioning and journey do not end here as there 
are questions that have arisen from this study.  This section highlights six 
propositions for further research. First, adult learning programs and their delivery 
often carry the presumption that students are expected to know how to think 
critically.  Although research on critical thinking disposition abounds, its relationship 
with and externalisation as critical thinking performance needs to be further 
investigated within the context of the final CoLeCTTE framework.   Second, 
although this study provides a working instructional design framework, research in 
the areas of computer-based argumentation techniques may offer further insights.  In 
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particular, the use of internal scripting in activity design as part of explicit 
intervention to enhance critical thinking interaction in the CoLeCTTE framework 
using a naturalistic approach.   Third, the interaction between the cognitive load 
required for critical thinking processes and indications for technological anxiety 
requires further investigation.  In particular, the underlying causal mechanisms that 
come into play as it is envisaged that this may inform internal scripting development 
targeted at facilitating collaborative critical thinking interaction. Fourth, research 
into other types of learning processes or preference classifications need to be 
conducted to confirm the robustness of the CoLeCTTE framework for designing 
instruction.  Fifth, focused strategies to improve a participant’s level of Achieving 
Motive was not applied in this study and so research into the degree to which this 
directly impacts critical thinking discourse would be useful.  Finally, the interaction 
schemas within the CoLeCTTE framework can benefit from further investigation to 
fully understand the collaborative mechanisms in play as opposed to the focus on 
critical thinking investigated in this study.  
8.7 Postscript  
This study grew from the germination of an idea, and pondering the 
question of whether critical thinking was a product of nature or nurture.  From here, 
the construct of critical thinking was explored.  Its relationship with individual 
attributes or skill bases was investigated, and the limitations and constraints of 
technology analysed through three cases.  Evidence was gathered concerning the 
effectiveness of the CoLeCTTE framework to support deep learning and critical 
thinking processes, regardless of learner differences.  To revisit the theatre metaphor, 
CoLeCTTE is the theatre’s screenplay that can be used on a learning stage where 
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learning and critical discourse are centre-stage.  The barriers to engaging critically 
have been identified and removed, and in its place, a set of guidelines for purposeful 
and judicious integration of learning technologies, and the design and delivery of 
collaborative activities to facilitate deep learning and critical thinking behaviour 
were defined.  The justifications for the propositions above have evolved from 
explaining the cause and effects that took place when collaborative learning and 
critical thinking in technology-enhanced environments (CoLeCTTE) were tested.  
The presentation and relevance of CoLeCTTE as a socio-constructivist framework 
becomes more significant when taken within the context of today’s learning 
environment where technology is becoming increasingly pervasive in learning 
environments.  However, just as specificity and fragmentation of research in the field 
have not provided absolute explanations into the mechanisms underlying the 
relationship between learner skill bases, collaborative activities and technologies; 
this study opens the door to more questions and opportunities for research.  The 
confirmation of the research outcomes, which were anticipated at the beginning of 
the study, is only a prelude to establishing a paradigm shift to allow researchers to 
delve deeper and broaden the research into the wider realms of critical thought and 
its socio-technological processes. No doubt, traditional practices will continue.  
Universities will continue to spend on technological learning infrastructure, and 
teachers will adopt these technologies into their teaching.  Efforts to elicit critical 
discourse will continue and will not always be achieved.  Such statements reflect a 
realistic view of the current state of affairs.  Even more real is that, if learning 
outcomes and effective performance fail to be achieved, the need to learn in itself 
will, in all likelihood, drive the move for change.  Indeed, the desired outcome of 
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CoLeCTTE is that it paves the way for teachers to achieve the noble task of 
nurturing critical thinking.  
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Appendices 
Appendix A. Integrated Collaborative Environment (ICE) Technologies 
 
Figure A-1. Teamspot (Source: http://tidebreak.com/products/teamspot). 
 
 
Figure A-2. Elluminate Live  
(Source: http://www.elluminate.com/resources/training/103-
Elluminate_Live___Moderator_Quick_Reference_Guide.pdf). 
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Figure A-3. Vyew (Source: http://vyew.com/s/). 
 
 
Figure A-4. Live Meeting interface  
(Source: http://messengerguide.blogspot.com/2011/03/sharingglass-team-collaboration-
and.html) 
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Appendix B. Concept Map 
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Appendix C. Summary of Data Sources 
Case Group Technology 
Class1: Core Project Implementation Vyew web conferencing system (see 0) 
 
Class 2: Industrial Electrical Power Distribution Tablet PC and EDSA Power Analytics 
modelling tool (see 0) 
 
Class 3: Applied Thermodynamics 
 
Teamspot collaboration system (see 0) 
 
Case Group Instruments Theoretical justification 
1, 2 and 3 Raven’s Advanced Progressive Matrices (APM) 
Sets I and II to measure eductive ability or 
Spearman g. 
 
Raven (1998) 
1, 2 and 3 Online Technologies Self-efficacy Scale 
(OTSES) to determine technological self-
efficacy and acquire demographic information. 
 
Miltiadou and Yu {, 2001 #193} 
 
1, 2 and 3 Study process questionnaire (SPQ) to determine 
learning approach and motivation 
 
Biggs (1987) 
 
1, 2 and 3 CT Coder and Codification of Chat Logs and 
Video recordings of group work 
 
Garrison (2001; 1992) 
Henri’s Model (1992) 
Perkins (2006) 
2 and 3 Audio recordings of participant interviews 
 
 
Analysis Instruments Output 
CT Coder: Critical thinking coding tool (Godat, 2008) Derivation of Critical Thinking Ratio 
(CTR) and reports 
 
Excel 2007 Descriptive analysis 
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Appendix D. APM Classifications of Eductive Ability 
Classification Grades and Definitions 
High Spearman g, GI and GII of APM 
 
Grade I: “Intellectually superior”, if a score lies 
at or above the 95th percentile for people of the 
same age group. 
 
 Grade II: “Definitely above the average 
intellectual capacity”, if a score lies at or above 
the 75th percentile.  (It may be designated II+ if 
it lies at or above the 90th percentile). 
 
Average Spearman g, GIII of APM 
 
Grade III: “Intellectually average”, if a score 
lies between the 25th and 75th percentiles.  (It 
may be designated as III+, if it is above the 
50th percentile, and III-, if it is below it. 
 
Low Spearman g, GIV and GV of APM 
 
Grade IV: “Definitely below average in 
intellectual capacity”. If a score lies at or below 
the 25th percentile. (It may be designated IV-, 
if it lies at or below the 10th percentile). 
 
 Grade V: “Intellectually impaired”, if a score 
lies at or below the 5th percentile for that age 
group. 
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Appendix E. Online Technologies Self-efficacy Scale (OTSES) 
 
 
Any information you provide will not be kept confidential.  Publication of results on this study will 
not identify individual data results. 
 
Name:  
Email Address:  
Course Enrolled:  
Group No/ 
Project name: 
 
 
Supervisor:  
Online Technologies Self-efficacy Scale (OTSES) 
(confidential) 
(Miltiadou & Yu, 2001) 
 
Thank you for agreeing to fill out this questionnaire. The following questions ask how 
confident you feel with using online technologies (such as Internet, email, etc.) in order 
to succeed in an online course. 
 
If you do not have much computer experience, just complete the questionnaire to the 
best of your knowledge. DO NOT WORRY! Remember that each section begins with the 
statement "I would feel confident..." performing an activity, and not "I have done it 
before." It does not matter whether you have had experience with the activities 
described. We would like to find out what your perceptions are when performing the 
activities below. There are no right or wrong answers.  Just answer as accurately as 
possible. 
 
Please read the directions below and then fill in ALL items. 
 
Start by completing the Personal Information questions below by circling your responses. 
 
Personal Information (any information you provide will not be kept confidential) 
1. Which age group do you belong 
to? 
15 – 20 21 - 25 26 - 30 31 and above 
2. What is your sex? Male Female   
3. Are you a full-time or part-time 
student? 
Full-time Part-time 
Other: (please describe) 
 
 
4. If working, what is your current 
occupation? 
 
5. What is your first spoken 
language? 
 
6. Are you an international 
student? 
 
7. What level of English proficiency 
do you have? 
Very good Average 
Below 
average 
Poor 
8. How confident are you generally, 
with using computer technology as 
a learning tool compared to other 
students? 
Better than 
most 
Same as 
most 
students 
Less than 
most 
students 
Not confident 
at all 
9. What kind of computer access do 
you have? (Choose 1 or more) 
Computer 
labs 
Home 
computer 
Work 
computer 
Other: (please 
describe) 
 
 
Please proceed to page 2. 
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The survey requires you to indicate your level of confidence with the statements 
below by writing a ∆ or a ▲in each box from "Very Confident" to "Not Confident 
At All". Choose only 1 response for each item. 
 
If you do not know what a statement means, choose "Not Confident At All." 
 
A) Questions about using the Internet (Internet Competencies)  
I would feel confident...  
Very 
Confident 
Somewhat 
Confident 
Not Very 
Confident 
Not 
Confide
nt At All 
1. Opening a web browser (e. g. 
Netscape or Explorer)  
    
2. Reading text from a web site      
3. Clicking on a link to visit a specific 
web site  
    
4. Accessing a specific web site by typing 
the address (URL)  
    
5. Bookmarking a web site      
6. Printing a web site      
7. Conducting an Internet search using 
one or more keywords  
    
8. Downloading (saving) an image from a 
web site to a disk  
    
9. Copying a block of text from a web 
site and pasting it to a document in a 
word processor  
    
 
(B) Questions about chatting "live" via a synchronous chat system such as CourseInfo, 
First Class, NetMeeting, or IRC (some people call it Synchronous Interaction)  
I would feel confident...  
Very 
Confident 
Somewhat 
Confident 
Not Very 
Confident 
Not 
Confident 
At All 
10. Providing a nickname within a 
synchronous chat system (if necessary)  
    
11. Reading messages from one or more 
members of the synchronous chat 
system  
    
12. Answering a message or providing 
my own message in a synchronous chat 
system (one-to-many interaction)  
    
13. Interacting privately with one 
member of the synchronous chat system 
(one-to-one interaction)  
    
 
 
 
Please proceed to page 3. 
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(C) Questions about using an e-mail system such as Pine, Netscape Mail, or Outlook to 
communicate with friends, instructors, or other students who are not online at the same 
time (Asynchronous interaction I)  
I would feel confident... 
Very 
Confident 
Somewhat 
Confident 
Not Very 
Confident 
Not 
Confident 
At All 
14. Logging on and off an e-mail system      
15. Sending an e-mail message to a 
specific person (one-to-one interaction)  
    
16. Sending one e-mail message to more 
than one person at the same time 
(Courtesy Copy or one-to- many 
interaction)  
    
17. Replying to an e-mail message      
18. Forwarding an e-mail message      
19. Deleting messages received via e-
mail  
    
20. Creating an address book      
21. Saving a file attached to an e-mail 
message to a local disk and then viewing 
the contents of that file  
    
22. Attaching a file (image or text) to an 
e-mail message and then sending it off  
    
 
(D) Questions about posting a message to a newsgroup, a bulletin board, or on the 
discussion board of a conferencing system (such as CourseInfo, FirstClass, etc.) where 
participants are not online at the same time (Asynchronous interaction II)  
I would feel confident...  
Very 
Confident 
Somewhat 
Confident 
Not Very 
Confident 
Not 
Confident 
At All 
23. Signing on and off an asynchronous 
conferencing system  
    
24. Posting a new message to an 
synchronous conferencing system 
(creating a new thread)  
    
25. Reading a message posted on an 
asynchronous conferencing system  
    
26. Replying to a message posted on an 
asynchronous conferencing system so 
that all members can view it (reply to all)  
    
27. Replying to a message posted on an 
asynchronous conferencing system so 
that only one member can view it (reply 
to sender)  
    
28. Downloading (saving) a file from an 
asynchronous conferencing system to a 
local disk  
    
29. Uploading (sending) a file to an 
asynchronous conferencing system  
    
Please double check that you have answered all items 
Thank you for your participation 
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Compared with most of the 
students in your year, how 
good at most of your school 
subjects are you? 
 
 Excellent 
 Above Average 
√ Average 
 Below Average 
 Quite Poor 
Appendix F. Sample SPQ Record Form 
 
 
Any information you provide will not be kept confidential.  Publication of results on this study will not 
identify individual data results. 
 
Name:  
Email Address:  
Course Enrolled:  
Group No/ 
Project name: 
 
Supervisor:  
 
Study Process Questionnaire 
(confidential) 
 
 
Results and analysis of the SPQ psychometric test: 
 
 
 
Comments: 
 
Subscales – [name] has: 
Well below average surface strategy 
Below average surface motive, achieving motive and achieving strategy 
Above average deep motive  
Well above average deep strategy 
 
Overall, [name] belongs to the average (6) DAA decile, has a Deep (exclusive) learning 
profile, however, uses above average deep learning and below average surface and well 
below average achieving learning approaches. 
 
Belongs to the commonly categorised Deep profile (exclusive). 
 
The profile indicates that [name]: 
- His high Deep Motive means he has an intrinsic interest in what is being learned and to 
develop competence in particular academic subjects.  His high Deep Strategy means he 
discovers meaning by reading widely, interrelating this with previous relevant knowledge. 
- His scale and subscales show an above average deep learning and below average surface 
and achieving learning approaches and, therefore, belongs to the commonly categorised 
Deep (exclusive) profile is not good for attainment as Deep (predominant) and Deep 
 SM SS DM DS AM AS 
Raw Score 15 16 27 29 16 15 
Decile 2 1 9 10 2 2 
 
Raw Score 31 56 31 
Decile 1 9 2 
 
Raw Score  87 
Decile  6 
 
Profile  
(-/+/-) - - + + - - 
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Achieving learners because he will tend to define his own goals and pursue these his own 
way and so it is best for him to acquire an Achieving approach. 
 
Implications: 
- Unlikely to be of concern unless extreme 
- Counselling on career or personal development may be appropriate 
- If particularly interested in academic subjects [name] may be encouraged to organise their 
approach to pursue it at a higher level 
 
Instructional Treatment: 
Low structure – independent study but may need guidance towards institutional curriculum goals or 
into deep achieving to best pursue interests. 
 
Referral: 
Not necessary unless help is needed to promote deep achieving. 
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Appendix G. SPQ Percentage and Decile Equivalents 
 
Percentage Decile Profile Symbols Classification 
10 1 - Well below average 
11 – 30 2, 3 - Below average 
31 - 70 4, 5, 6, 7 0 Average 
71 - 90 8, 9 + Above average 
91 - 100 10 + Well above average 
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Appendix H. CT Coder List of Codes and Categories 
 
Code Description Categories 
Critical Thinking 
EC Elementary Clarification cognition 
I Inference cognition 
IC In-Depth Clarification cognition 
J Judgement cognition 
S Strategy cognition 
Direction 
RS Researcher to Student/s direction 
SRE Student to Researcher direction 
SS Student to Student/s direction 
ST Student to Teacher  direction 
TS Teacher to Student/s direction 
Interactivity 
EI Explicit Interaction  interactivity 
EIDC EI Direct Commentary  interactivity 
EIDR EI Direct Response  interactivity 
II Implicit Interaction  interactivity 
IIIC II Indirect Commentary  interactivity 
IIIR II Indirect Response  interactivity 
IS Independent Statement interactivity 
Metacognition 
KP Person  knowledge 
KS Strategy  knowledge 
KT Task  knowledge 
SE Evaluation skill 
SP Planning skill 
SR Regulation skill 
SSA Self-awareness skill 
Topics 
1-01 Main Activity: Case 1 project items topic 
1-01a Project - bugs topic 
1-01b Project - wiki search topic 
1-01c Project - codes topic 
1-01d Project - extension topic 
1-01e Project - timeline generator topic 
   
Appendices  364 
Code Description Categories 
1-01f Project - plan topic 
1-01g Project - wiki integration topic 
1-01h Project - site, interface and flash topic 
1-01i Project - tradeshow topic 
1-01j Project - logo, image, colours, posters, cards, printing topic 
1-01k Project - t-shirt and name tags topic 
1-02 Main Activity: Case 2 Activity 4 EDSA topic 
1-03 Main Activity: Case 3 Activity 5.1_5.2 Justification Report topic 
1-04 Technology - Vyew or Skype, EDSA, etc. topic 
1-05 Leadership topic 
1-06 Emoticons and Symbols topic 
1-07 Main Activity: topic 
Non-explicit or Implicit Metacognition 
1-08 Non-explicit Metacognition topic 
1-08a NEM-Planning topic 
1-08b NEM-Task topic 
1-08c NEM-Evaluation topic 
1-08d NEM-SSA topic 
1-08e NEM-Person topic 
1-08f NEM-Strategies topic 
1-08g NEM-Regulation topic 
1-09 Gen, Social, Other Course Disc topic 
Note. Direction and Interactivity observations were not used in this study. 
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Appendix I. Sample Report from CT Coder 
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Appendix J. Critical Thinking Cognition and Metacognition: 
Codes, Definitions and Examples 
COGNITION 
Information Processing Critical Thinking 
Surface (S) 
 
 
Repetition without adding 
new information; statement 
without justification; 
suggesting a solution 
without explanation. 
Elementary clarification (EC) 
Problem identification 
 
Asked relevant questions, clarifications, introduces a problem 
Pass on information without elaboration 
Suggesting a solution without explanation 
Requests more information, facts and data  
Observing or studying a problem, identifying its elements 
Observing their linkages, e.g., identifying relevant elements, 
reformulating the problem, asking a relevant question, identifying 
previously stated hypotheses 
Based on an initial motivation to learn, a 'triggering event' arouses and 
sustains interest and curiosity stimulated by interaction with others. 
Learners observe or study a problem, identify its elements, and observe 
their linkages in order to come to a basic understanding. 
 
In-depth/Deep (D) 
 
Brings in new information, 
shows links, solutions 
proposed with analysis of 
possible consequences; 
evidence of justification; 
presents a wider view. 
In-depth clarification (IC) 
Problem discussion 
 
Analyses a problem and identifies assumptions, contributed further 
information to the discussion AND elaborates on the topic 
Presents a wider view, shows links and interprets meaning of expressions  
Analysing a problem to understand its underlying values, beliefs and 
assumptions, e.g., defining the terms, identifying assumptions, 
establishing referential criteria, seeking out specialised information 
Framing the problem and an approach to its solution using the experience 
of others.  
Learners analyse a problem to come to an understanding which sheds 
light on the values, beliefs and assumptions which underlie the statement 
of the problem. 
All aspects of stating, clarifying, describing (but not explaining) or 
defining the issue being discussed: 
 Proposes an issue for debate. 
 Analyses, negotiates or discusses the meaning of the issue. 
  Identifies one or more underlying assumptions in a statement in 
the discussion. 
 Identifies relationships among the statements or assumptions. 
 Defines or criticizes the definition of relevant terms. 
 
Inference (I) 
Problem exploration 
 
Concluding based on evidence from prior statements; generalising. 
admitting or proposing an idea based on links to admittedly true 
propositions, e.g., drawing conclusions, making generalisations, 
formulating a proposition which proceeds from previous statements 
Getting insights and understanding based on self and group learning. The 
skills needed to extend beyond the basis definition include inference: 
induction and deduction, admitting or proposing an idea on the basis of its 
link with propositions already admitted as true but they also include the 
creative skills needed to widen the field of possible solutions. 
Showing connections among ideas; drawing appropriate conclusions by 
deduction or induction, generalizing, explaining (but not describing), and 
hypothesizing: 
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 Makes appropriate deductions. 
 Makes appropriate inferences. 
 Arrives at a conclusion. 
 Makes generalizations 
 Deduces relationships among ideas. 
 
Judgment (J) 
Problem applicability  
 
Provided opposing or supporting arguments to the discussion, providing 
reasons and grounds for claims  
Expresses a judgment about an inference, relevance of an argument, 
theory or solution, evidence of justification 
making decisions, evaluations and criticisms e.g., judging the relevance of 
solutions, value judgements, judging inferences 
The evaluation of alternative solutions and new ideas within a social 
context. This needs judgemental skills of making decisions, statements, 
appreciations, evaluations and criticisms or "sizing up". 
Evaluating some aspect of the debate; making judgments on a situation, 
proposing evidence for an argument or for links with other issues: 
Provides or asks for reasons that proffered evidence is valid. 
Provides or asks for reasons that proffered evidence is relevant. 
Specifies assessment criteria, such as the credibility of the source. 
Makes a value judgment on the assessment criteria or a situation or topic. 
Gives evidence for choice of assessment criteria. 
 
Strategy (S) 
Problem integration  
 
Proposes a solution; outlines what is needed to implement the solution 
Provides analysis of possible consequences 
for application of solution following on choice or decision, e.g., deciding 
on the action to be taken, proposing one or more solutions, interacting 
with those concerned 
Proposing co-ordinated actions for the application of a solution, or 
following through on a choice or decision. This draws upon existing 
personal knowledge but is then validated within the group. This is the 
stage where the solutions are grounded back in the real world. 
 
 Proposing, discussing, or evaluating possible actions: 
 Takes action. 
 Describes possible actions. 
 Evaluates possible actions. 
 Predicts outcomes of proposed actions. 
 
 
 
 
 
 
METACOGNITIVE KNOWLEDGE/SKILLS 
Knowledge (K) Skills (S) 
Person (KP) Comparing self to others as a 
cognitive being, e.g., student 
perspective vs. teacher perspective. 
Evaluation (SE) Question about value of one's 
ideas or way of going about a 
task, e.g., 
'I do not have a good 
understanding of ....' 
Task (KT) Showing an awareness of one's 
approach to a cognitive task, e.g., 
preparing a lecture. 
Planning (SP) Evidence of organising steps 
needed and prediction of what is 
likely to happen. 
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Strategy (KS) Comment on strategies used to 
reach an objective and assess 
progress, e.g., I find do X when 
trying to ....' 
Regulation (SR) Setting up, maintenance and 
supervision of the overall 
cognitive task, e.g., Redirecting 
one’s efforts, recalling one’s obj., 
setting up strategies 
  Self-awareness 
(SSA) 
Ability to identify, decipher and 
interpret correctly the feeling and 
thoughts connected with a given 
aspect of the task, e.g.,  
'I know I feel .....' 
'I found learning about ... 
interesting' 
Source. Henri (1992; 1993), Garrison (1992) and Perkins (2006) 
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Appendix K. Ethical Clearance Consent Form 
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Appendix L. Case 2: Course Outline 
Note:  Codes, identifiers and contact details have been deleted to maintain 
confidentiality of the participants in this study. 
 
Unit Outline Prepared by:   
Date:     
Unit Title:   Industrial Electrical Power Distribution 
Unit Code:    
Discipline Code:    
Credit Points:   12 
Semester of Offer:   Semester 2 
Prerequisite(s):   Nil 
Co-requisite(s):   Nil 
Unit Co-ordinator:   
Phone:     
Fax:     
Email:     
 
1 Rationale 
Electrical power distribution and earthing systems perform an essential role in the safety, 
productivity and profitability of any industrial process or generating plant. Whether designing 
new or maintaining and changing existing power systems, good engineering practice is 
important for safe and reliable power distribution for these high energy plants. This unit 
provides the theoretical and practical knowledge required to understand the designing, 
modelling, testing and maintenance of power distribution and earthing systems in an 
industrial or generating plant. 
 
2 Aims 
The aim of this unit is to provide students with the underlying principles and working 
knowledge of safe and reliable industrial electrical systems to support long-term business 
success. 
 
3 Unit Specific Objectives 
It is assumed that the students of this unit understand basic electrical AC and three phase 
theory. The unit also is designed to provide an excellent understanding of key aspects of 
power distribution for non-electrical people (Mechanical and Civil engineers for example) as 
the focus is on practical application. 
 
The learning activities in this course are to help you achieve the following objectives for 
electrical distribution systems for generating and industrial plants: 
 Develop your ability to understand the key design requirements for power stations and 
industrial power systems. 
 Draw and describe electrical single line diagrams and describe the various equipment 
and components, and carry out Per Unit hand calculations 
 Select and size appropriate power distribution equipment and conductors,  
 Describe and apply the principles of earthing design. 
 Design and model practical power station systems using advanced electrical 
engineering software systems. Carry out power system studies for parameters such as 
fault level, load flow, motor start, and harmonics. 
 Establish effective maintenance strategies and plans for industrial power distribution 
installations. 
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Graduate Capabilities: 
On completion of this unit, you will have become aware of, and developed the following 
generic skills: 
A. Higher-order analysis and critical thinking pertinent to a particular discipline area 
B. Defining and solving problems in a discipline area 
C. Retrieving, evaluating, and applying relevant information, knowledge and skills 
D. The ability to discuss issues and provide technical input to projects, and work 
independently or collaboratively 
 
4 Contents  
The modules in this unit include and focus on: LV & HV Single Line Diagram SLD 
Development, Power Systems Analysis, Switchgear Selection, Intro to Switchboard Design 
and Installation, Cabling systems design (AS3008) and installation, Protection of Motors, 
Transformers & Cables, Protection Coordination Studies, Transient Stability, and Arc Flash 
Analysis. 
 
General topics include: 
 Historical perspective and future direction 
 HV and LV distribution 
 Earthing (MEN and HV) 
 Earth Grid Design (theory and using EDSA model) 
 Equipment selection - Motors, Cables, MCC, Transformers 
 Harmonics 
 Review of Per Unit System and Symmetrical Components 
 Load Flow and fault studies (hand and EDSA modelling) 
 DC systems (batteries, chargers batter room safety, DC distribution) 
 High reliability power distribution (redundancy, bus duct, PIB, etc.) 
 Low cost (adequate reliability) systems (e.g., wind farm collection systems) 
 Awareness of hazardous area electrical installations 
 Practical asset management, installation and compliance tips, etc. 
 
Please note, generator, transformer, motor, and bus protection and arc flash is covered in 
more detail in Power System Protection. 
 
5 Teaching and Learning Approaches 
Teaching Mode: Intensive-8 hours per day 
 
Learning Approaches: 
Lectures, group work, and discussions will be used. Group activities will be undertaken to 
model project team dynamics and support the development of generic capabilities described 
above. Such group activity also allows differing students to bring a range of experiences (at 
postgraduate level) to the learning environment. These group learning experiences will also 
facilitate learning using a problem based learning approach and through a range of modes 
wherein students who excel at learning in different ways can supplement their learning 
potential through interaction with other students with different learning abilities and 
strengths. You will be expected to undertake research into the various parts of the unit. A 
high level of involvement/interaction and independent research is mandatory. It is essential 
that you attend all classes, for the full period of the class, and participate actively and 
informatively in class discussions. 
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6 Assessment 
The assessment strategy will involve a range of activities that focus on group activities, as 
appropriate to the subject of power plants. Assignments will offer authentic (real world) 
learning activities that will engage students with a problem based learning task. 
 
Assessed Activities % Marks 
Online: Before Block A  none 
Block A F2F: Day 1 
Assessment 1 (Activity 2.1): Selection of Cables - Radial Configuration 
(Group) 
This assessment is in 2 parts.  In Part A (Activity 2.1), you will use AS/NZS 
3000:2007 and AS/NZS 3008 to select a suitable cable to comply with the 
specific requirements: Also, you will check the actual voltage drop on starting 
using the Locked Rotor Current with the cable selected. 
Use Australian Standards, manufacturers' data sheets and other resources 
to perform voltage drop calculations, select cables, circuit breakers and 
fuses to design: 
Objectives:   1, 3 
Graduate Capabilities: C, D 
Due:   Day 1 
5 (group mark) 
Block A F2F: Day 2 
Assessment 2 (Activity 3.1): Design a simple LV earthing system 
(Group) 
In this activity, you will work in groups to design an earthing system for a 
given simple industrial substation earth grid.   
Specifically, this unit will allow you to use Australian Standards and other 
resources to perform calculations and achieve a complying design for a 
given simple industrial earthing requirement  
Objectives:   1, 3 and 4 
Graduate Capabilities: A, B, D 
Due:   Day 2 
5 (group mark) 
 
Assessment 3 (Activity 4.2): Wind Farm SLD (Group) 
In this assessed activity, you will work in groups to convert a given simple 
SLD from actual to Per Unit values, and then perform calculations. 
Objectives:   1 and 2 
Graduate Capabilities: A, B, D 
Due:   Day 2 
10 (group mark) 
 
Mid-Course Assignment: During Break Period 
Assessment 1 cont. (Activity 2.2): Selection of Cables – Cascaded 
Configuration (Part B) (Individual) 
This is the continuation of Assessment 1.  For Part B (Activity 2.2) you will 
use AS/NZS 3000:2007 and AS/NZS 3008 to select a suitable cable to 
comply with the specific requirements, but this time using cascaded 
configuration.  You are expected to submit your work in form of a Technical 
Report. 
Use Australian Standards, manufacturers' data sheets and other resources 
to perform voltage drop calculations, select cables, circuit breakers and 
fuses to design: 
Objectives:   1, 3 
Graduate Capabilities: C, D 
Due: Submission will be after 1 week of the break for 
marking and feedback by the Facilitator. 
 
15 (individual mark) 
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Assessed Activities % Marks 
Block B F2F: Day 3  
Assessment 4 (Activity 5.1): Asset management for disaster mitigation 
(Group) 
This assessment begins with a viewing of a management disaster video.  
Groups will then work in groups to address and discuss issues stipulated in 
the video and present their work to the class. 
Objectives:   1 and 6 
Graduate Capabilities: A, D 
Due: Day 3 
5 (group mark) 
 
Block B F2F: Day 4 and 5  
Assessment 5 (Activities 7.1.1 - 7.1.6): EDSA Model of Industrial Power 
System (Group) 
This assessment is made up of a series of activities (Activity 7.1.1 – 7.1.6) 
where you will create an accurate working EDSA model of an industrial 
power system that illustrates all the significant aspects of a typical power 
distribution system.  Load flow, fault studies and motor start studies will be 
conducted and accuracy of results confirmed.  
Based on the same model and after consolidating your group model, you 
will work to conduct a harmonic analysis to assess compliance with the 
relevant standard, and then improve the system design to achieve harmonic 
compliance.  You will then develop an earth grid design for the system. 
Specifically, this unit will allow you to use best available tools to build 
accurate electrical engineering models, and then use the model to optimise 
design to achieve safety, code compliance and efficiency requirements.  It 
will enhance your ability to design, study, and improve a complete industrial 
power system using state-of-the-art electrical engineering tools. 
Objectives:   1, 2, 4 and 5 
Graduate Capabilities: A, C, D 
Due:   Days 4 and 5 
60 (group mark) 
Total: 100% 
 
7 Resource materials 
EDSA Paladin DesignBase Power_2000 Educational Package (access from computer 
laboratory) 
 
8 Risk Management 
This unit will be delivered in traditional classrooms on campus. As such, there are no 
extraordinary workplace health and safety issues.  
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Appendix M. Case 3: Sub-Activity 5.1 
Note:  Codes, identifiers and contact details have been deleted to maintain 
confidentiality of the participants in this study. 
Sub-activity 5.1: Justification Report (Group) 
This is group activity is the culminating activity that will draw all your learnings from the 
activities, presentations and discussions.  This assessment forms the written component of 
the assessment on the Justification Report.  Activity 5.2 Project Presentation to the Board, 
forms the deliberation part of the project and will also be assessed. 
 
When Venue 
Days 1-5  
Resources for Student/Group 
Own laptops 
All group activity sheets and results from 
Day 1 – 4 
Red Thread Case Study 
Justification Report Activity Sheet 
Justification Report Template 
CRA Assessment Sheet (EPG006 CRA 
Sheet Assignment 5_5.1_v1.doc) 
 
Related objectives 
Course objectives 1-5. 
 
Key learning outcomes of the activity 
At the end of this activity, you will be able to: 
1. Write and develop a written and comprehensive Justification Report that can be used to 
back-up the project presentation to a deliberation board. 
2. Develop a Justification Report that addresses all the salient component and system-
based benefits from improving the thermodynamic process. 
 
Your task 
1. Work in the same groups you were assigned to. 
2. Using the Justification Report template provided write-up the proposals for improvement 
at component and system level for the Red Thread power plant based on the results and 
learnings derived from previous activities. 
3. Write a list of tasks and allocate these to your group members.  You can then pull all 
your individual work together using Teamspot. 
4. Throughout the 5 days of the course, your group is expected to continue developing and 
refining your Justification Report.  You will be given some time on Day 5 to finalise your 
report in preparation for submission to the Board. 
5. Prepare a presentation to justify the improvement project proposal for deliberation by the 
Board on Day 5 (Activity 5.2). 
 
Assessment criteria and marking information 
This activity is assessed and is worth 20% of your overall mark. 
You will be marked according to the criteria in the CRA Assessment Sheet for this activity. 
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Appendix N. Case 3: Task Assessment Rubric 
Note:  Codes, identifiers and contact details have been deleted to maintain confidentiality of the participants in this study.  
 
This document details the results of your group Assessment. 
Criteria 7 - Excellent 6 – Very Satisfactory 5 - Satisfactory 4 / 3 - Fair 2 / 1 - Unsatisfactory 
1….Identify performance issues at Component Level 
Critical interpretation & 
thinking demonstrated 
 Interpretation of the 
impact on the component 
 Interpretation of the 
economic effects of these 
impacts 
Interprets concisely and 
clearly, the impact of 
change to the component 
and comprehensively 
describes its economic 
effects 
Interprets concisely and 
clearly most of  the impacts 
of change to the component  
and comprehensively 
describes its economic 
effects 
Provides some 
interpretation of the impact 
of change to the 
component  and its 
economic effect 
Makes an attempt at 
providing some 
interpretation of the 
impact of change on the 
component and its 
economic effect 
Fails to provides 
interpretation of the 
impact of each change on 
the component and its 
economic effect 
Tutor’s Comments  
 
2…..Identify performance issues at System Level 
Critical interpretation & 
thinking demonstrated 
 Interpretation of the 
impact on the system 
 Interpretation of the 
economic effects of these 
impacts 
Interprets concisely and 
clearly, the impact of 
change to the system and 
comprehensively describes 
its economic effects 
Interprets concisely and 
clearly most of  the impacts 
of change to the system and 
comprehensively describes 
its economic effects 
Provides some 
interpretation of the impact 
of change to the system  
and its economic effect 
Makes an attempt at 
providing some 
interpretation of the 
impact of change on the 
system and its economic 
effect 
Fails to provides 
interpretation of the 
impact of each change on 
the system and its 
economic effect 
Tutor’s Comments  
 
 
 
 
Group Name/Number/Members:  Assessment 5: Activity 5.1 Justification Report (Group) 
Assessment % of Total Grade: 20 % (Group mark) 
Facilitator/s or Markers:  Date:  
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Criteria 7 - Excellent 6 – Very Satisfactory 5 - Satisfactory 4 / 3 - Fair 2 / 1 - Unsatisfactory 
3…..Identify  issues at Operations Level 
Critical interpretation & 
thinking demonstrated 
 Interpretation of the 
impact on the operation 
 Interpretation of the 
economic effects of these 
impacts 
Interprets concisely and 
clearly, the impact of 
change to the operation and 
comprehensively describes 
its economic effects 
Interprets concisely and 
clearly most of  the impacts 
of change to the operation 
and comprehensively 
describes its economic 
effects 
Provides some 
interpretation of the impact 
of change to the operation  
and its economic effect 
Makes an attempt at 
providing some 
interpretation of the 
impact of change on the 
operation and its 
economic effect 
Fails to provides 
interpretation of the 
impact of each change on 
the operation and its 
economic effect 
Tutor’s Comments  
4…..Identify modifications and maintenance requirements and Justify 
Understanding how to 
structure the justification 
 The Problem/Opportunity 
 The Options 
 The Proposed Solution 
Comprehensively and 
clearly describes all the 
elements of the 
problem/opportunity. 
 Comprehensively and 
clearly describes all the 
elements of each option. 
Comprehensively and 
clearly describes all the 
elements of the proposed 
solution. 
 
Describes the key elements 
of the problem/opportunity. 
Describes the key elements 
of the options. 
Describes the key elements 
of the solution. 
Describes some of the key 
elements of the 
problem/opportunity. 
Describes some of the key 
elements of the options. 
Describes some of the key 
elements of the solution 
Attempts to describe 
some of the key 
elements of the 
problem/opportunity. 
Attempts to describe 
some of the key 
elements of the options. 
Attempts to describe 
some of the key 
elements of the solution 
Fails to describe the key 
elements of the 
problem/opportunity. 
Fails to describe the key 
elements of the options. 
Fails to describe the key 
elements of the solution 
Understanding of risks and 
rewards of the associated 
with proposed action 
 Identification of all risks 
 Risk/reward  evaluation 
Identifies all the risks and 
the ways their effects can 
be mitigated. 
Identifies most of the risks 
and the ways their effects 
can be mitigated. 
Identifies some of the risks 
and the ways their effects 
can be mitigated. 
Identifies an insufficient 
number of risks and the 
ways their effects can be 
mitigated. 
Fails to identify any 
number of and ways their 
effects can be mitigated. 
Tutor’s Comments  
 
 
 
 
 
 
   
Appendices  381 
Criteria 7 - Excellent 6 – Very Satisfactory 5 - Satisfactory 4 / 3 - Fair 2 / 1 - Unsatisfactory 
5…..Communicate  Action 
Report 
 Format of the report 
 Arguments presented 
 Relevance and 
competency of the report 
by the team 
The report is 
comprehensive, logical 
structure and format, uses 
good grammar and relevant 
references.  The arguments 
are well justified and leads 
to clear solutions.  
The report shows some level 
of comprehensiveness, 
logical structure and 
formatting, uses good 
grammar and relevant 
references.  The arguments 
are well justified and leads to 
clear solutions 
The report may not show 
some level of 
comprehensiveness, 
logical structure and 
formatting, or the use of 
good grammar and 
relevant references, but 
the arguments are well 
justified and leads to clear 
solutions 
The report may not show 
some level of 
comprehensiveness, 
logical structure and 
formatting, or the use of 
good grammar and 
relevant references, and 
an attempt is made at 
justifying the arguments 
to arrive at a clear 
solution/s. 
The report fails to show 
any level of 
comprehensiveness, 
logical structure and 
formatting, or the use of 
good grammar and 
relevant references, and 
no attempt is made at 
justifying the arguments 
to arrive at a clear 
solution/s. 
Monitor 
 Monitoring System 
 Action initiation 
mechanisms 
 
The monitoring is 
comprehensive and logical. 
The proposed monitoring 
methods are well justified 
and provide a clear action 
mechanism.  
The monitoring shows some 
level of comprehensiveness 
and logical application. The 
proposed monitoring 
methods are well justified 
and provide a clear action 
mechanism. 
The monitoring may shows 
some level of 
comprehensiveness and 
logical application. The 
proposed monitoring 
methods are justified and 
provide some action 
mechanism. 
The monitoring may not 
shows some level of 
comprehensiveness and 
logical application. The 
proposed monitoring 
methods are stated but 
not justified and may not 
provide an action 
mechanism. 
The monitoring fails to 
show any level of 
comprehensiveness and 
logical application. The 
proposed monitoring 
methods are not stated. 
Tutor’s Comments  
Group Mark      
Students receiving a failure grade in one or more of the above elements should discuss this grading with the Facilitator 
The final mark will be weighted into the overall assessment of the course as indicated in the Course Outline 
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Appendix O. Case 3: Course Outline 
Note:  Codes, identifiers and contact details have been deleted to maintain 
confidentiality of the participants in this study. 
 
Unit Outline Prepared by:   
Date:     
Unit Title:   Applied Thermodynamics 
Unit Code:    
Discipline Code:    
Credit Points:   12 
Semester of Offer:   Semester 2 
Prerequisite(s):   Nil 
Co-requisite(s):   Nil 
Unit Co-ordinator:   
Phone:     
Fax:     
Email:     
 
1 Rationale 
Many power station plant processes involve movement of heat from one component to 
another. This might be for the generation process itself, or simply maintaining equipment 
within operating temperature limits. It is important therefore, to identify changes, and 
measure and manage heat transfer across these processes which are crucial for the 
effective and efficient operation of generating plant. Thermodynamics is used to provide an 
indication of a component’s change.  This will indicate early warnings of efficiency and 
potential failure. The heat produced by the boiler in a power station is delivered to the 
turbine. Any heat not extracted from the steam by the turbine is then discharged to the 
atmosphere through the cooling towers.  This unit considers ways of effectively moving the 
heat generated in the various processes in the power station plant, and extracting that heat 
to produce electricity. 
 
2 Aims 
The aim of this unit is to provide students with a working knowledge and application of 
thermodynamic theory, and practice of their analytical skills to determine the implications of 
changes to the thermodynamic process in order to increase the efficiency and effectiveness 
of the power plant. 
 
3 Course Objectives 
On completion of this unit, you should be able to: 
1. Identify performance issues at component level. Specific learning outcomes are: 
 Analyse equipment performance from process data 
 Perform root cause analysis to identify problems and troubleshoot 
 Looking for opportunities for improvement 
2. Identify performance issues at system level 
 Analyse system performance from process data 
 Perform root cause analysis to identify problems and troubleshoot 
 Looking for opportunities for improvement 
3. Determine the impact of performance issues on the overall operations. Specific 
learning outcomes are: 
 Determine impact on resources consumption based on key criteria  
 Determine the impact on the environment based on key criteria 
 Determine the impact of the asset consumption based on the operation 
4. Determine improvements and maintenance requirements to thermodynamic 
performance. Specific learning outcomes are: 
 Perform cost-benefit analysis to justify parts and equipment improvements 
 Justify investigations and inspections for raising work orders 
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 Evaluate the results of plant modification and/or maintenance 
5. Communicate and monitor thermodynamic performance to provide information for 
maintenance /production budget allocations. Specific learning outcomes are: 
 Separate and identify the influences on thermodynamic performance 
 Apply the various methods of performance monitoring (input-output, losses and 
component analysis) 
 
Graduate Capabilities: 
On completion of this unit, you will have become aware of, and developed the following 
generic skills: 
A. Higher-order analysis and critical thinking pertinent to a particular discipline area 
B. Defining and solving problems in a discipline area 
C. Retrieving, evaluating, and applying relevant information, knowledge and skills 
D. The ability to discuss issues and provide technical input to projects, and work 
independently or collaboratively 
E. The ability to present findings and justify proposals to industry management 
 
4 Contents  
The modules in this unit include and focus on three key areas: Efficiency of heat transfer and 
how effective this is occurring to produce better performance, equipment change as a lead 
indicator to potential plant failures for the purposes of increasing reliability, and optimisation 
aimed at getting the relationship right to look at compromises in specific areas to improve 
another area.  Focus will be placed on component level and system-wide design, measures 
of performance and typical thermodynamic problems and solutions.  The topics that will be 
included in this unit include: 
 Energy transfer processes  
 Heat transfer processes,  
 Overview of the power plant processes 
 System-wide thermodynamic processes and their impact on efficiency, effectiveness 
(capacity, reliability and life consumption) and environment 
 Components and their thermodynamic processes and their impact on efficiency, 
effectiveness (capacity, reliability and life consumption) and environment 
 Details of Turbogenerator component construction and relationship to thermodynamic 
process (Failure modes, testing, analysis of turbine, feed heaters, condenser, cooling 
systems, pumps, valves, auxiliary cooling 
 Details of Boiler component construction and relationship to thermodynamic process 
(Failure modes, testing, analysis of boiler, boiler elements (furnace, superheaters, 
reheaters, economiser, sprays, mills, fans, airheaters, soot-blowing 
 Multiple components and system-wide component integration 
 Prediction, Optimisation, Early Warning, root cause analysis 
 
5 Teaching and Learning Approaches 
Teaching Mode: Intensive-8 hours per day 
 
Learning Approaches: 
Lectures, group work, and discussions will be used. Simulation exercises will be used to 
produce ‘what if’ scenarios to provide students with problem solving and decision-making 
opportunities and application of theoretical concepts. Group activities will be undertaken to 
model project team dynamics and support the development of generic capabilities described 
above. Such group activity also allows differing students to bring a range of experiences (at 
postgraduate level) to the learning environment. These group learning experiences will also 
facilitate learning using a problem based learning approach and through a range of modes 
wherein students who excel at learning in different ways can supplement their learning 
potential through interaction with other students with different learning abilities and 
strengths. You will be expected to undertake research at various stages of the unit. A high 
level of involvement/interaction and independent research is mandatory. It is essential that 
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you attend all classes, for the full period of the class, and participate actively and 
informatively in class discussions. 
 
As the unit requires understanding of process relationships across the whole of the system, 
it will specifically take a cyclical system-component level approach which will present topics 
top-down to bottom-up to allow review and revision of concepts at all levels.  Specifically, a 
work-based learning approach will be used to embed work relevant learning and activities. 
 
6 Assessment 
The assessment strategy will involve a range of activities that focus on group activities, as 
appropriate to the subject of power plants. Assignments will offer authentic (real world) 
learning activities, engage with a problem based learning task as well as include a formal 
written examination. 
 
Assessed Activities % Marks 
Online: Before Block A  
Assessment 1:  Plant Improvement Identification (Group - Pairs) 
In this online activity, you will work in groups of 2 to start to identify plant 
improvement projects based on a case study (use red thread) provided to them 
using sample project justification report/s that can be justified at $20/ton CO2 and 
$30/ton CO2.  You will submit a table of project issues and benefits online. 
Objectives:  1, 2, 3 and 4 
Graduate Capabilities: A, B, C & D 
Due:   Before Day 1 
10 (group 
mark) 
Day 4: During break period  
Assessment 2: Mid-Course Assignment Part 1 - Online Reading Review 
(Individual) 
In this online activity, you will read through recommended readings, conduct 
literature search and submit these via a discussion forum. 
Objectives:  1, 2, 4 and 5 
Graduate Capabilities: A, B, C & D 
Due:   Before Block B 
10 (individual 
mark) 
 
Assessment 3: Mid-Course Assignment Part 2 - Input-Output Component 
Data (Individual) 
In this activity, you will individually give the input and output data of the components 
related to a case study (there will be 5-8 components within this case study) - this 
will be a staged task where completion of task on one or two components is needed 
to be able to progress to the next stage of the assignment, bringing together 
individual data into a group report. You will use a web conferencing facility for you 
and your group to consult with your Facilitator during the mid-course break (2 
weeks).  The results and interrelationships of components of your group work 
(Assessment 4) will be processed in the face-to-face. 
Objectives:  1, 2, 4 and 5 
Graduate Capabilities: A, B, C & D 
Due:   Before Block B 
40 (individual 
mark) 
 
System level to 
component level and 
then back-up again 
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Assessed Activities % Marks 
Day 5:  
Assessment 4:  Project Presentation to the Board (Group) 
Your groups will present your justifications to "take the technical to the financial" - to 
a deliberation board (financial controller, operations and engineering).  Your group is 
required to present a ‘pitch’ and answer questions from the board. 
Objectives:  1, 2, 3, 4 and 5 
Graduate Capabilities: A, B, C, D & E 
Due:   End of activity on Day 5 
20 (group 
mark) 
Assessment 5:  Written Justification Report (Group) 
You groups will need to submit the full justification report. 
Objectives:  1, 2, 3, 4 and 5 
Graduate Capabilities: A, B, C, D & E 
Due:   End of activity on Day 5 
20 (group 
mark) 
Total: 100% 
 
7 Resource materials 
TBA 
 
8 Risk Management 
This unit will be delivered in traditional classrooms on campus.  As such, there are no 
extraordinary workplace health and safety issues.  
 
 
 
 
